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Optical  potions 
for  Photographers 

In  photography,  as  in  any  other  craft,  we  cannot 
know  too  much  of  first  principles.  For  one  thing,  the 
study  of  them  is  a  fine  education  of  the  mind;  for 
another,  we  are  prevented  from  making  stupid  mis¬ 
takes — from  doing  things  we  should  never  dream  of 
doing  if  we  perceived  clearly  the  broad  elementary 
facts  which  lie  at  the  bottom  of  the  processes  or  appa¬ 
ratus  we  use.  And  still  another  reason  is  the  entrance 
which  we  thereby  gain  to  other  and  wider  fields  of 
knowledge,  the  boundaries  of  which  no  man  can  define 
since  they  are  continually  being  extended  as  unknown 
facts  of  Nature  become  known. 

I  cannot  pretend  to  escort  the  reader  very  far  in  the 
most  fascinating  field  of  light,  yet  I  believe  the  adven¬ 
ture  will  be  found  altogether  interesting.  Certainly  it 
will  not  be  without  profit  in  every-day  photographic 
work,  without  which  assurance  I  should  hardly  care 
to  ask  the  reader  to  make  a  journey  somewhat  off  the 
beaten  track  of  these  monographs.  But  I  can  promise 
that  our  excursion,  as  I  have  planned  it,  will  bring  us 
into  contact  with  facts  which  have  to  do  with  every¬ 
day  photography,  and  that  at  the  end  we  shall  be  in 
the  happy  frame  of  mind  of,  say,  some  business  man 
who  has  made  a  pleasure-trip  over  half  a  continent 
and  has  brought  back  a  sheaf  of  orders  into  the  bargain. 
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So  much  for  the  dual  purpose  of  these  pages.  Now 
let  me  say  a  word  of  their  subject  matter.  Photog¬ 
raphy,  as  we  all  know,  belongs  to  the  regions  of  both 
chemistry  and  that  branch  of  physics  concerned  with 
light.  In  a  narrow  sense  it  is  based  upon  the  chemical 
action  of  light.  But  in  making  photographs  we  carry 
out  many  chemical  operations  which  have  nothing 
whatever  to  do  with  light,  and  equally  we  have  occa¬ 
sion  to  use  and  control  light  altogether  without  con¬ 
cern  for  its  chemical  action.  Readers  of  The  Photo- 
Miniature,  Nos.  1 8  and  149  will  have  gained  some 
insight  into  the  chemical  principles  and  processes,  but 
I  cannot  recall  any  photographic  manual  in  which  an 
attempt  has  been  made  to  explain  in  plain  English 
the  elementary  properties  of  light.  These  are  of  prime 
importance,  however,  in  almost  every  branch  of  pho¬ 
tography.  It  is  true  we  have  books  on  lenses,  such 
as  The  Photo-Miniature,  Nos.  1,  36,  79,  and  140, 
but  they  deal  only  with  the  part  played  by  light  and 
the  lens  in  forming  the  image  on  the  plate  or  film.  In 
the  present  monograph,  written  and  illustrated  with 
painstaking  and  enthusiastic  care  by  Mr.  George  E. 
Brown,  we  get  back  to  first  principles.  Moreover  it 
seeks  to  deal  with  real  things,  whereas  authors  of 
treatises  on  optics  almost  habitually  write  of  things 
which  happen  only  in  books,  passing  over  many  things 
which  happen  in  practice,  solely  for  the  reason,  so  it 
would  seem,  that  they  cannot  be  expressed  except  in 
formulas  which  few  can  understand. — Editor. 

From  whatever  source  it  comes,  the 

S°Light  °f  unclouded  sun,  a  dull  sky,  or  any  flame 
or  lamp,  light  follows  the  same  laws. 
Some  of  its  properties  vary  according  to  its  origin — 
these  are  chiefly  its  color  and  degree  of  diffusion — but 
essentially  it  is  the  same  and  behaves  in  the  same  way 
in  the  changes  it  undergoes  by  reflection  and  absorp¬ 
tion,  on  passing  through  transparent  or  semi-trans¬ 
parent  substances,  and  when  subjected  to  control  in 
this  or  that  optical  instrument. 

Its  behavior  is  the  same  for  the  reason  that  light, 
however  produced,  has,  on  good  grounds,  been  judged 
to  be  a  wave-motion  on  an  ultra-miscroscopic  scale, 
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not  of  the  air  but  of  a  far  finer  medium  (ether),  assumed 
to  exist  and  to  pervade  all  space  and  every  substance. 
In  other  words,  light  is  conceived  to  consist  of  innu¬ 
merable  minute  wavelets  measuring  40,000  to  60,000  to 
the  inch,  and  moving  in  this  elastic  ether.  The  ether 
as  a  whole  does  not  move,  but  extraordinarily  minute 
movements  up  and  down,  sideways,  etc.,  in  it  create 
the  wavelets  which  traverse  if  and  produce  the  effect 
of  light. 

Unfortunately  it  is  not  possible  in  this  monograph 
to  treat  the  facts  of  light  in  the  terms  of  this  wave- 
theory.  To  do  so  would  entail  diagrams  beyond  our 
space  and  mathematics  probably  in  excess  of  the 
reader’s  inclination.  But  light  can  be  so  treated,  as  it 
is,  for  example,  in  Prof.  R.  W.  Wood’s  magnificent 
book  “Physical  Optics,”  in  which,  scattered  among 
stiff  mathematics,  you  will  find  a  host  of  experiments, 
including  many  which  come  from  the  author’s  fondness 
for  photography.  But  though  we  leave  the  wave- 
theory  for  the  most  part  on  one  side  as  a  vehicle  of 
explanation,  let  it  not  be  thought  that  it  is  thereby 
relegated  to  the  category  of  doubtful  things.  Although 
these  minute  undulations  of  an  imagined  ether  are 
outside  human  ken,  so  much  is  known  of  them  that 
they  rank  with  steam  or  the  electric  current  among  the 
things  which  admittedly  exist  even  though  they  cannot 
be  seen  and  handled. 

But  to  return.  Here  we  shall  seek  to  recognize  the 
points  of  difference  and  resemblance  which  charac¬ 
terize  light  from  different  sources,  and  shall  endeavor 
to  gain  our  knowledge  by  way  of  the  use  we  make  of 
light  of  one  kind  or  another  in  practical  photography. 

.  One  feature,  common  to  light  from 

Straight  Lines  every  source,  is  that  it  travels  in  straight 
lines.  It  takes  a  straight  course  which 
can  be  modified  only  by  doing  something  which  will 
put  it  on  a  second  straight-line  path  making  an  angle 
with  the  first.  As  a  matter  of  daily  observation  we 
know  that  rays  of  light  do  not  follow  a  curved  course 
like  a  stream  of  street  traffic  or  a  projectile  in  flight. 
All  optical  instruments,  lenses,  telescopes,  and  sextants 
are  based  on  that  fact,  and  the  science  of  geometrical 
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optics  is  concerned  with  the  study  of  light  on  this  basis 
as  distinguished  from  physical  optics  which  starts  with 
light  as  a  minute  wave-motion  and  arrives  at  the  same 
laws  by  a  different  train  of  reasoning.  Here  we  shall 
follow  the  former  plan  since  it  lends  itself  much  better 
to  the  explanation  of  the  elements  of  the  subject. 

One  of  the  consequences  which  fol- 
Parallax  lows  immediately  from  the  fact  of  the 
straight-line  course  of  light  is  that  the 
position  of  one  object  with  regard  to  another,  placed 
somewhat  in  front  of  it,  changes  with  the  position  of 
one’s  eye.  Apparent  shift  of  this  kind  is  called  parallax, 
and  is  the  cause  of  various  errors  in  observation,  inso¬ 
much  that  the  term  is  most  frequently,  met  with  in  con¬ 
nection  with  mistakes  due  to  rays  reaching  the  eye 
obliquely  instead  of  “square-on.”  A  common  example 
is  the  setting  of  the  pointer  on 
the  graduated  focusing-scale  of 
a  hand-camera.  In  Fig.  i  the 
distance  of  the  pointer  A  above 
the  scale  is  exaggerated.  The 
ray  of  light  proceeding  directly 
upward  from  the  mark  B  and 
just  grazing  the  pointer,  meets 
the  eye  when  it  is  placed  as  it 
should  be,  exactly  overhead  at 
D.  But  if  the  eye  is  placed  to 
one  side  or  the  other,  as  at  E, 
it  is  the  ray  from  C  which 
meets  it.  The  mistake  is  one 
of  parallax  and  is  liable  to  be  more  serious  the  greater 
the  space  between  the  pointer  and  the  scale. 

This  parallax  error  creeps  in  in 
P-11- in  other  ways,  for  example,  in  color 
Processes  photography  by  a  process  such  as  the 
Paget  where  a  plate  consisting  of  mi¬ 
nute  color  elements  is  united  to  a  positive  transparency 
obtained  from  a  negative  made  through  a  similar  color- 
screen.  I  would  refer  the  reader  to  The  Photo-Minia¬ 
ture,  No.  147,  “Color  Photography.”  Fig.  2  shows 
what  happens  in  the  case,  for  example,  of  a  green 
patch  in  the  picture  produced  by  blocking  ©at  the 
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blue  and  red  element  by  the  deposit  on  the  diapositive. 
So  long  as  rays  pass  straight  through  the  two  films  (Fig. 
2)  there  is  no  disturbance,  but  if  the  eye  is  placed  so 
that  rays  passing  obliquely  reach  it  there  is  bound  to 
be  falsification  of  the  colors  due  to  the  rays  passing 
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Fig.  2 

through  parts  of  adjoining  color  elements.  This  effect 
arises  to  some  extent  with  color  film  and  diapositive 
in  one  owing  to  the  thickness  of  each  layer,  but  it  is 
more  pronounced  when  the  two  are  separate  glass 
plates  since  it  is  practically  impossible  to  bring  the 
two  surfaces  into  absolute  contact.  My  diagram  shows 
why  the  latter  kind  of  transparencies  show  false  colors 
unless  means  can  be  taken,  as  when  projecting  them 
in  a  stereopticon,  to  cause  the  light  to  pass  through 
them  at  right  angles  to  the  surface.  Parallax,  it  should 
be  added,  is  not  always  a  troublesome  phenomenon: 
some  years  ago  Mr.  F.  E.  Ives  applied  it  very  ingeni¬ 
ously  to  making  stereoscopic  or  relief  photographs 
requiring  no  viewing  instrument  for  the  exhibition 
of  their  illusion  of  relief. 

A  further  consequence  of  the  straight- 
Ulumination  line  path  of  light-rays  is  the  rule  of 
relative  intensity  of  illumination  of 
surfaces  at  different  distances  from  a  source  of  light 
of  small  area,  a  matter  of  every-day  moment  in  mak¬ 
ing  contact  prints  on  development  or  gaslight  papers. 
In  Fig.  3  the  lines  represent  the  extreme  rays  falling  on 
the  small  square  surface  A  from  the  candle.  Imagine 
this  square  taken  away  and  the  light  to  fall  on  a  sur¬ 
face  B  at  twice  the  distance.  It  is  clear  that  the  area 
of  this  surface  is  four  times  that  of  the  square  A,  and 
as  the  volume  of  light  is  the  same — the  second  surface 
does  not  receive  any  more  rays  from  the  candle  than 
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the  first  square  did — the  intensity  of  illumination  is 
one-fourth.  Similarly,  at  three  times  the  distance  the 
intensity  of  illumination  at  every  point  of  C  is  one-ninth 
and  at  four  times  the  distance  one-sixteenth.  In  other 
words,  a  printing-paper  which,  under  a  negative, 
requires  i  second  exposure  at  A,  will  require  4,  9,  or  16 
seconds’  exposure  if  placed  at  B,  C,  or  D,  respectively. 

This  is  the  law  or  rule  of  inverse 
Inverse-Square  Squares  so  often  referred  to  in  books 
about  enlarging,  viz.,  that  the  intensity 
of  illumination  varies  inversely  as  the  square  of  the 
distance  from  a  small  source  of  light,  that  is  to  say  that 
photographic  exposures  will  vary  not  inversely  but 
directly  as  the  square  of  the  distance  from  the  light. 


There  is  no  need  to  be  frightened  by  the  term  “square.” 
It  is  simply  the  distance  multiplied  by  itself  and  written, 
for  short,  distance2  e.g.,  22,  32,  42,  =  4,  9,  and  16  respec¬ 
tively.  It  means  that  if  the  exposure  at  2  feet  from  the 
light  source  is  6  seconds,  that  at  5  feet  will  require  to 
be  6X5X5-^-2-i-2  =  37K  seconds. 

But  look  again  at  Fig.  3  and  you  will 
Yet  Beware!  notice  something  about  it.  The  light 
proceeds  from  a  point.  The  law  holds 
good  only  when  the  light  emanates  from  a  minute 
source.  But  usually  the  light  is  not  very  small.  It  is 
generally  a  lamp-flame,  gas-mantle  or  electric  bulb  of 
size  very  likely  as  much  as  a  quarter  the  distance  of  the 
printing-frame  from  it. 

If  that  is  so,  the  inverse-squares  law  no  longer  holds 
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good,  and  it  is  not  possible  to  say  exactly  how  the 
intensity  of  illumination  at  2,  3,  or  4  feet  distance 
compares  with  that  at  1  foot.  The  reason  for  this  is 
that  the  rays  from  every  point  in  such  a  light-source 
spread  out  like  those  from  a  bit  of  the  candle  flame  in 
Fig.  3.  Instead  of  one  set  of  rays  all  diverging  from  one 
point,  you  have  innumerable  sets  diverging  in  all  direc¬ 
tions  from  the  light-source,  the  rays  of  one  set  over¬ 
lapping  those  of  another  when  they  fall  on  any  surface 
a  little  way  off. 

In  these  circumstances  it  is  not  possible  to  state  a 
general  role  for  the  falling  off  in  the  intensity  of  illu¬ 
mination:  any  rule  depends  on  the  size  and  shape  of  the 
light-source  and  its  distance  from  the  surface.  Also 
the  illumination  is  usually  not  uniform  unless  the 
source  of  light  is  as  large  as,  or  larger  than,  the  surface 
to  be  illuminated.  As  regards  the  lights  we  have  men¬ 
tioned,  the  only  rough  idea  I  can  give  for  distances  up 
to,  say,  3  feet  from  the  light  is  that  the  illumination  is 
inversely  proportional  not  to  the  square  of  the  dis¬ 
tance  but  to  the  distance  alone.  In  other  words  the 
exposure  required  at  2  feet  and  3  feet  will  be  twice 
and  three  times  that  at  1  foot,  not  four  times  and 
nine  times. 

But  even  when  the  source  of  light  is 
“S  ^are”6R  1  a^most  a  P°int>  e.g.,  an  electric  arc,  the 
■Tlfull  U  6  inverse-square  rule  may  cease  to  apply. 

Not  theoretically,  but  practically.  Sup¬ 
pose  your  light  is  a  long  way  off,  say  30  feet.  Then  a 
position  a  foot  or  two  further  away  will  make  relatively 
very  little  difference.  At  33  feet  the  exposure  will  be 
only  one-fifth  more  than  that  at  30  feet  since  the 
squares  of  these  two  distances  are  900  and  1087,  and 
are  in  the  proportion  of  practically  100:  120. 

A  difference  of  20  per  cent  in  the  exposure  of  print¬ 
ing-papers  is  not  enough  to  have  any  appreciable 
effect.  If  you  think,  you  will  realize  that  at  such  con¬ 
siderable  distance  from  a  small  source  of  light,  the  rays, 
if  one  considers  only  a  short  length  of  their  path,  are 
almost  parallel.  Therefore,  within  the  limits  of  this 
length  the  illumination  does  not  vary  materially.  If 
the  light-source  is  at  an  immense  distance  the  light- 
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rays  are  to  all  intents  and  purposes  parallel.  If  they 
are  parallel,  our  inverse-square  law  does  not  apply  at 
all  and  the  intensity  of  illumination  is  the  same  what¬ 
ever  the  distance,  except  in  so  far  as  the  light  may  be 
absorbed  in  its  passage  through  the  air. 

The  use  of  a  lens  which  renders  parallel  the  diverging 
rays  from  a  source  of  light  is  the  method  employed  to 
secure  a  beam  which  illuminates  as  strongly  at  30  or 
50  feet  as  it  does  at  2  feet.  This  is  the  system  of  the 
light  which,  from  the  gallery  of  the  vaudeville  hall, 
follows  the  star  lady  on  the  stage.  The  rays  if  not 
perfectly  parallel  are  very  slightly  divergent.  The 
lenses  in  these  theatrical  light-boxes  are  of  curvature 
to  yield  a  cone  of  rays  of  very  narrow  angle.  Over  a 
short  distance  the  rays  are  fairly  parallel. 

It  must  be  remembered  that  in  the 

nomination  foregoing  paragraphs  we  have  con¬ 
sidered  only  the  rays  coming  in  one 
direction  (horizontally)  from  a  source  of  light.  But 
most  light-sources  emit  rays  in  many  directions — 
toward  an  imaginary  sphere  or  globe  at  the  center  of 
which  the  light  is  supposed  to  be.  The  illumination 
from  any  light-source,  except  supportless  incandescent 
globes  like  the  sun,  varies  very  greatly  in  different 
parts  of  this  imaginary  sphere,  and  lamp-makers  now 
measure  the  distribution  of  light  by  their  bulbs  or 
mantles  and  can  supply  charts  or  figures  showing 
exactly  what  it  is.  This  is  too  wide  a  subject  to  pursue 
further — the  reader  must  refer  to  text-books  on 
illumination — but  it  is  not  without  its  practical 
importance. 

For  example:  The  electric  bulbs  which  are  fitted 
into  the  printing-  and  enlarging-boxes  now  so  much 
used  will  behave  very  differently  as  regards  the  light 
they  send  to  the  negative,  according  to  the  way  they 
are  placed.  There  will  always  be  one  part  of  the 
imaginary  sphere  surrounding  the  lamp  which  gets 
the  best  illumination,  and  the  lamps  should  be  mounted 
so  that  the  negative  comes  in  this  portion  of  the  spheri¬ 
cal  field.  A  year  or  two  ago,  a  lamp  specially  designed 
for  emitting  its  rays  chiefly  in  the  direction  of  the  end 
of  the  bulb  was  placed  on  the  market.  The  filament 
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extended  gridiron  fashion  across  the  bulb  instead 
of  lengthways  as  usually.  I  found  that  exposures  were 
one-fourth  those  required  with  a  lamp  of  the  usual 
pattern  and  equal  candle-power  also  placed  with  the 
tip  pointing  toward  the  negative.  Obviously  the 
ordinary  pattern  of  bulb  should  be  used  with  its  fila¬ 
ments  as  nearly  as  may  be  parallel  with  the  negative, 
yet  one  often  sees  printing-boxes  fitted  with  the  usual 
lamps,  end  on,  in  disregard  of  the  fact  that  electric 
bulbs  are  not  miniature  suns  but  scatter  their  illu¬ 
mination  in  different  directions  very  irregularly. 

So  far  we  have  been  concerned  with 
Second-Hand  t^ie  distribution  of  light  directly  from 
its  source.  Now  we  must  come  to  con¬ 
sider  what  happens  when  light  falls  on  different  objects. 
These  happenings  are  various.  There  is  reflection,  with 
which  we  are  familiar  enough,  and  absorption,  which  we 
are  apt  to  overlook.  In  passing  through  substances, 
light  also  undergoes  other  changes  which  play  a  very 
important  part  in  photography.  The  behavior  of 
light  in  these  various  ways  will  again  be  found  to  bear 
directly  upon  the  processes  and  appliances  employed 
in  making  negatives  and  prints. 

Reflection  of  light  takes  place  in 
Reflection  various  ways  according  as  the  reflector 
is  a  polished  or  matt  surface,  is  opaque 
or  transparent.  The  reflective  action  differs,  first  as 
regards  the  quantity  or  proportion  of  light  reflected,  and 
second  as  regards  the  direction  (or  directions)  which 
the  reflected  rays  take.  When  light  falls  upon  any 
body  three  things  can  and  do  happen.  Some  of  the 
light  is  reflected,  some  is  absorbed  and  disappears,  and 
some,  if  the  body  is  more  or  less  transparent,  passes 
through.  In  looking  more  closely  into  these  matters 
we  will  take  first  the  action  of  flat  polished  reflectors 
since  this  differs  radically  from  that  of  matt  or  rough 
surfaces  such  as  paper  or  walls. 

A  substance  of  flat  polished  surface, 
Reflection  sut^  as  plain  glass,  burnished  metal, 
or  glass  with  metal  deposited  on  it, 
reflects  light  in  a  definite  way,  referred  to  in  the  text¬ 
books  as  “regular”  or  “specular”  reflection.  If  the 
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light  strikes  the  reflector  squarely,  at  right  angles  to 
the  surface,  it  is  reflected  straight  back  again  along  the 
path  by  which  it  came.  But  if  the  light  falls  on  the 
surface  at  any  other  angle  than  a  right  angle,  each  of 
the  rays  which  make  up  the  total  volume  is  reflected 
at  the  point  where  it  impinges  on  the  surface  accord¬ 
ing  to  an  invariable  rule 
illustrated  in  Fig.  4.  A  ray 
from  A  meets  the  surface  at 
B.  From  B  imagine  a  line, 

BE,  drawn  perpendicular  to 
the  surface.  Then  the  dis¬ 
tance  of  the  reflected  ray  BD 
is  known  from  two  facts: 

(1)  It  lies  in  the  same 
“plane”  (that  is  an  imaginary  thin  surface)  as  AB  and 
BE  and  (2)  it  is  inclined  to  the  perpendicular  BE  to 
the  same  extent  as  is  AB.  All  reflection  from  polished 
surfaces  follows  the  two-in-one  rule,  which  is  expressed 
by  saying  that  the  angle  of  incidence,  ABE,  is  always 
equal  to  the  angle  of  reflection,  EBD. 

But  remember  that  that  alone  does  not  fully  describe 
the  law  unless  it  is  understood  that  the  reflected  ray 
lies  always  in  the  same  plane  as  the  incident  ray.  If 
the  nature  of  light  did  not  compel  it  to  remain  strictly 
in  the  same  plane — it  is  a  necessary  consequence  of 
wave-motion — it  could  strike  off  in  any  of  a  thousand 
different  directions  all  angled  to  BE  as  AB  is,  and  there 
would  be  no  such  thing  as  regular  reflection.  As  it  is, 
the  reflected  ray  has  always  this  definite  relation  to 
the  original  ray  whatever  the  first  direction  of  the 
latter.  If  it  is  more  oblique,  as  shown  by  the  dotted 
line  FB,  the  reflected  ray  is  BG;  the  angle  FBE  is 
equal  to  the  angle  EBG. 

A  homely  example  will  remind  you 
An  Illustration  that  this  definite  law  of  reflection  is 
true.  On  a  day  of  brilliant  sunshine 
you  will  sometimes  see  flash  out  a  patch  of  intense 
light  from  a  distant  window  or  polished  face  of  a  clock 
as  you  happen  to  come  into  a  certain  position.  You 
have  only  to  move  a  little  away  for  the  effect  to  vanish. 
You  came  into  the  path  of  light  traversed  from  the 
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reflector  which  anywhere  else  at  such  a  distance  is 
invisible.  If  all  objects  reflected  light  only  and  solely 
in  this  way  we  should  be  able  to  perceive  things  only 
from  certain  definite  positions,  but,  as  we  shall  see 
directly,  light  is  reflected  in  another  way  which  per¬ 
mits  of  objects  being  viewed  wherever  we  may  be. 

Now  what  is  the  consequence  of  this 
Mirrors  definite  and  rigid  law  of  reflection?  It 
is  that  a  polished  surface  reflects  light 
not  merely  in  any  jumbled  fashion  but  a  ray  for  every 
ray  which  falls  upon  it.  One  might  think  from  this 
that  if  you  held  up  a  mirror  before  any  scene  or  object 
you  could  reflect  an  image  of  the  latter  onto  a  screen. 
But  a  mirror  does  not  form  an  image  in  this  way.  What 
it  does  do  is  to  show  an  image  which  you  can  see  or 
photograph  “in  the  mirror”  though  you  cannot  reflect 
it  onto  another  surface.  If  we  take  the  trouble  to 
consider  the  reason  for  this  it  will  serve  incidentally  to 
make  clear  some  of  the  points  connected  with  the 
action  of  the  photographic  lens. 

Figure  5  is  a  diagram  explaining 
Miiror^  Acts  bow  tbe  bright  picture  or  reflection 
which  we  see  “in  a  mirror”  is  formed. 
MM  is  the  mirror  and  A  some  minute  object  facing  the 
mirror-surface.  What  is  happening  when  we  look  at 

the  mirror  and  see  the 
object  A  apparently  be¬ 
hind  MM  ?  Clearly  it 
can  only  be  that  the  rays 
from  A  are  reflected  back 
by  the  mirror  to  our  eye 
wherever  it  may  happen 
to  be,  say  at  E.  We 
know  that  an  object, 
whatever  it  is,  emits 
light  in  all  directions. 
It  will  be  sufficient  to 
see  what  happens  to  two 
of  them,  AB  and  AC, 
which  strike  the  mirror  at  B  and  C.  As  we  have  just 
learnt,  each  is  reflected  so  that  the  angles  which  the 
reflected  rays  make  with  imaginary  perpendiculars  are 
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respectively  equal  to  angles  which  the  direct  rays 
make  with  the  perpendiculars.  By  drawing  lines  on 
this  basis  you  get  the  reflected  rays  BD  and  CF.  You 
notice  that  they  are  not  parallel  since  the  ray  AC  is 
more  oblique  than  AB.  Now  lay  a  straight  edge  along 
each  in  turn  and  continue  each  until  they  meet.  If 
you  have  done  your  drawing  of  lines  and  angles  cor¬ 
rectly  you  will  find  that  the  point  A1  where  the  con¬ 
tinued  lines  meet  is  exactly  opposite  A,  and  that  A 
and  A1  are  at  the  same  distance  from  the  reflecting 
surface.  In  other  words,  the  rays  which  we  know 
reach  us  from  A  by  reflection  at  B  and  C  appear  to 
come  from  A1.  Though  the  rays  from  A1  have  no 
existence  the  effect  on  the  eye  is  as  though  they  did 
exist.  They  are  what  opticians  call  virtual.  It  is  as 
though  the  object  A  had  been  transferred  to  A1,  and 
that  applies  to  every  other  minute  object  forming  a 
scene  near  or  distant  and  to  any  position  of  the  eye 
from  which  the  mirror  can  be  seen.  The  image  (virtual) 
is  as  far  behind  the  mirror  as  the  object  is  in  front  of  it. 
This  is  the  principle  of  the  old  dodge  of  judging  the 
thickness  of  a  mirror  silvered  on  the  back  by  laying  a 
coin  on  the  glass  surface  and  estimating  by  eye  the 
distance  between  it  and  its  reflection.  This  distance 
of  course  is  half  the  thickness  of  the  glass. 

From  the  foregoing  it  will  be  clear 
Reallmage  a  m^rror  does  not  form  an  image 

in  the  sense  that  a  photographic  lens 
does.  All  it  does  is  to  form  an  optical  same-size  illusory 
reproduction  of  an  object  in  a  plane  which  seems  to  be 
behind  the  mirror.  It  forwards  the  rays  to  the  eye 
exactly  as  they  would  come  from  the  original  scene — 
except  in  one  respect  referred  to  in  the  next  paragraph. 
It  does  nothing  to  bring  to  a  focus  or  point  all  the 
rays  which  come  from  every  point  in  an  object  as  a 
lens  does  in  forming  a  real  image — our  eyes  do  that  when 
we  look  at  a  real  thing  or  a  mirror-image — but  it  must 
not  be  forgotten  that  a  mirror,  if  interposed  in  the 
path  of  rays  from  a  lens,  reflects  them,  also,  accord¬ 
ing  to  the  definite  law  of  page  374  (Fig.  4).  It  can  reflect 
the  rays  forming  a  real  image  and  is  widely  used  for  that 
purpose  in  optical  instruments. 
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But  the  image  we  see  in  a  mirror 
ReMirrorby  differs  from  the  original  object  in  one 
important  respect.  It  is  reversed  as 
regards  right  and  left.  That  this  must  be  so  will  be 
clear  if  I  repeat  the  diagram  Fig.  5  in  a  rather  more 
elaborate  way,  show  the  formation  of  the  mirror- 
image  not  of  a  point  but  of  an 
-jpl  object  of  definite  shape,  e.g., 

a  line  AB.  To  construct  the 
image  it  is  sufficient  to  apply 
the  previous  method  to  the 
points  A  and  B.  The  reader 
will  see  that  it  is  exactly  that 
of  Fig.  5.  It  shows  why,  when 
viewing  the  image,  A1  is  on 
the  right  and  B1  on  the  left, 
whereas,  when  taking  a  front 
view  of  the  original  object,  A  is  on  the  left  and  B  on 
the  right.  This  action  of  the  mirror  is  exerted  equally 
when  it  is  applied  to  the  rays  from  a  lens,  causing  an 
image  or  a  negative  to  be  reversed  right  for  left  and 
vice  versa. 

Well,  now  what  of  the  application  of 
Reflection  these  properties  of  a  polished  reflecting 
surface  in  practical  photography?  They 
are  not  far  to  seek.  I  have  space  only  for  two  or  three, 
the  purpose  of  this  manual  being  to  explain  principles 
to  be  applied  by  the  reader  himself.  But  one  or  two 
examples  are  worth  while  by  way  of  showing  that  the 
principles  must  and  do  govern  all  practical  work.  Take 
for  instance  the  photographing  of  a  painting,  the  glass 
covering  of  which,  or  even  the  varnished  surface  itself, 
acts  more  or  less  perfectly  as  a  mirror.  Reflections  are 
in  fact  the  bane  of  those  engaged  in  taking  photographs 
of  paintings  in  public  galleries  where  the  conditions 
of  lighting  usually  make  it  difficult  to  avoid  them. 
What  are  those  conditions?  The  painting  is  usually 
placed  near  to  a  window  or  is  photographed  in  its 
permanent  position  on  the  wall.  In  either  case,  it  is 
almost  always  exposed  to  rays  from  the  outside  sky  or 
from  light  parts  of  the  gallery.  These  rays  are  reflected 
in  directions  which  depend  upon  the  angle  at  which 
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they  fall  upon  the  painting  or  its  protective  glass.  Our 
law  of  page  374  (Fig.  4).  According  to  the  particular 
circumstances  a  large  or  small  proportion  of  them  form 
the  whole  or  part  only  of  the  picture,  impinge  on  the 
lens,  and  produce  excessive  action  on  the  plate.  The 
effect  is  the  unsightly  glare  to  be  noticed  in  many  pho¬ 
tographic  copies  of  paintings. 

A  knowledge  of  the  law  of  reflection  enables  the 
photographer  frequently  to  avoid  this  defect  altogether, 
e.g.,  by  covering  up  part  of  the  window,  by  erecting  a 
screen  to  cut  out  the  rays,  or  more  simply  still  by 
slightly  angling  the  painting  to  the  camera  or  vice 
versa ,  so  that  the  reflected  rays  do  not  travel  to  the 
lens.  In  cases  where  the  light  which  is  thus  harmfully 
reflected  to  the  lens  comes  from  behind  the  camera — 
to  one  side  or  the  other — an  old  device  is  to  erect  a 
large  black  curtain  just  in  front  of  the  camera  with  a 
division  in  it  for  the  lens  to  poke  through.  In  order  to 
have  this  curtain  of  the  most  advantageous  size,  Mr. 
Cameron-Swan,  a  leading  professional  photographer 
of  paintings,  calculates  its  size  in  accordance  with  the 
law  of  reflection  from  a  polished  surface  and  finds  that 
a  screen  a  little  more  than  twice  the  linear  dimensions 
of  the  picture  to  be  copied,  placed  just  in  front  of  the 
camera,  serves  to  cut  out  all  the  rays  from  the  rear 
which  can  be  reflected  into  the  lens.  Anything  larger 
than  this  only  intercepts  light  which  might  usefully 
(not  harmfully)  illuminate  the  painting. 

A  different  requirement  arises  in 
cases  where  we  want  to  reflect  all  the 
light  we  c^n.  For  example,  a  mirror  is 
often  used  to  direct  the  light  from  the  sky  through  a 
negative  which  is  being  enlarged  with  an  apparatus 
evolved  from  the  worker’s  camera.  The  window  of  a 
room  is  closed  up  with  the  exception  of  a  space  where 
the  negative  is  placed  and  the  mirror  (outside)  is 
angled  at  450.  A  similar  plan  is  followed  in  printing- 
boxes,  using  gas  as  the  illuminant,  the  light  being 
reflected  upward  through  the  negative  by  a  mirror 
again  at  an  angle  of  450.  In  such  cases  the  law  of  page 
374  tells  us  at  what  angle  to  set  the  mirror,  but  it 
requires  to  be  remembered  that  the  regular  reflection 
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from  a  polished  surface  may  really  be  less  effective  than 
a  matt  reflector  like  paper  which,  as  we  shall  see  directly, 
acts  in  a  different  way.  This  is  because  the  polished 

surface  is  called  upon  to 
reflect  rays  which  reach 
it  at  all  degrees  of  angle. 
Hence  it  will  reflect  many 
rays  in  a  direction  along 
which  they  never  reach 
the  negative.  Fig.  7  il¬ 
lustrates  this  point,  NN 
being  the  negative  and 
the  lines  showing  the 
subsequent  paths  of  rays 
falling  on  the  mirror 
MM  at  different  angles. 

Generally  speaking,  a 
polished  surface  is  less 
efficient  and  in  other 
ways  less  suitable  than 
one  of  matt  surface  as  a 
means  of  illumination 
unless  all  the  rays  which 
fall  upon  it  are  parallel. 
On  the  other  hand,  it  is 
hardly  necessary  to  point' 
out  that  a  reflector  for 
use  in  altering  the  course 
of  rays  from  a  lens  re¬ 
quires  to  be  of  the  high¬ 
est  polish  and  optically 
flat.  If  it  is  not,  the 
image  will  suffer  in  brilliance  and  definition,  respect¬ 
ively.  The  mirror  of  a  reflex  camera  needs  to  be  of 
this  kind  in  order  to  secure  easy  and  accurate  focusing. 

We  learned  in  a  previous  paragraph 
Wide°rAnnfe  ^iat  image  formed  by  a  mirror  lies 
*  Lens'18  6  as  f ar  behind  the  latter  as  the  image  is 
in  front.  Where  a  large  mirror  is 
available  the  fact  can  be  easily  applied  to  obtaining 
photographs  in  places  where  otherwise  a  wide-angle 
lens  would  be  necessary.  The  use  of  the  mirror  vir- 
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tually  doubles  the  distance  between  the  subject  and  the 
camera.  Fig.  8  shows  the  arrangement.  The  subject 
51  is  photographed  as  though  actually  at  S,  the  position 
of  the  camera  C  requiring  to  be  chosen  so  that  the 
apparatus  does  not  come  in  the  image  formed  by  the 
mirror  M.  The  negative  so  made  is  of  course  reversed 
as  regards  right  and  left. 

.  So  far  we  have  been  concerned  solely 

Power"6  w>th  the  directive  action  of  mirrors,  but 
a  word  requires  to  be  said  on  the  rela¬ 
tive  reflecting  powers  of  substances  used  as  mirrors. 
No  surface  reflects  the  whole  of  the  light  falling  on  it. 
Some  is  absorbed;  some  is  diffused,  that  is  reflected,  not 
in  one  definite  direction  but  in  all  directions  (see  later, 
page  382).  The  proportion  of  light  reflected  in  this 
latter  way  depends  on  the  extent  to  which  the  surface 
is  deficient  in  polish.  Of  the  surfaces  used  as  mirrors, 
that  of  silver  (deposited  on  glass)  is  the  best  reflector, 
sending  back,  according  to  the  law  of  regular  reflection, 
about  96  per  cent  of  the  incident  light.  Polished  plates 
of  steel  or  copper  reflect  much  less  light  though  they 
have  been  used  to  some  extent.  According  to  a  high 
German  authority,  the  best  metal  for  a  mirror  is  an 
alloy  consisting  of  two-thirds  copper  and  one-third  tin 
with  a  little  arsenic.  Ordinary  looking-glasses  with  the 
coating  on  the  back  surface  are  prepared  with  a  mixture 
of  mercury  and  tin. 

Thus  far  we  have  been  considering 
Reflectors*  reflecting  surfaces  like  metal  or  sil¬ 
vered  glass  which  are  opaque.  But  a 
substance  need  not  be  opaque  to  be  a  reflector,  although 
the  reflective  power  of  transparent  bodies  is  very  much 
less  for  the  simple  reason  that  much  of  the  light  is 
transmitted.  But  a  little  study  of  transparent  reflectors 
will  bring  us  in  contact  with  a  fact  not  hitherto 
encountered. 

This  fact  is  that  reflection  takes  place 
B<>t  Reflect68  from  ^e  back  as  well  as  from  the  front 
of  a  transparent  reflector.  Lay  the 
rim  of  a  coin  against  an  ordinary  mirror  which  is 
fairly  thick  glass  with  a  reflecting  coating  on  the  back. 
Besides  the  full-strength  reflected  image  a  little  way 
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back,  you  will  see  a  much  paler  image  touching  the 
coin  and  therefore  showing  itself  to  be  from  the  front 
surface  of  the  glass.  A  piece  of  plain  glass  behaves  in 
exactly  the  same  way  and  is  best  seen — as  the  effect 
is  much  weaker — by  holding  a  lighted  match  an  inch 
or  two  from  the  glass  and  viewing  the  latter  from  one 
side:  the  two  virtual  images  will  be  plainly  seen  one 
behind  the  other.  In  short,  reflection  takes  place 
according  to  our  rule  of  page  374  from  the  back 
surface  of  a  transparent  reflector  just  as  from  the 
front,  except  that  the  course  of  the  reflected  ray  is 
further  modified  by  the  bending  or  refraction  which 
it  undergoes  when  it  passes  from  one  medium  to 
another,  in  the  present  instance  from  air  to  glass  and 
back  again  from  glass  to  air. 

It  is  on  this  account — the  reflection 
Surface-  from  each  surface — that  for  critical 

Reflector  purposes  a  mirror  requires  to  be  a 

single  surface,  that  is  to  have  the 
reflecting  coating  on  the  front  of  the  glass  instead  of  the 
back.  The  optical  firms  call  this  “surface-silvered.” 
The  mirror  of  a  reflector  camera  ought  to  be  of  this 
kind  though  in  some  cheap  makes  the  reflecting  coat¬ 
ing  is  at  the  back  of  the  glass.  If  the  latter  is  thin,  a 
mirror  of  this  kind  is  possible  because  the  reflective 
power  of  the  metal  coating  behind  the  glass  far  exceeds 
that  of  the  plain  glass  surface  and  therefore  the  image 
reflected  from  the  latter  is  too  weak  to  interfere  with 
that  from  the  former  in  focusing  the  subject.  Also  the 
back  reflecting  surface  is  sealed  between  the  glass  and 
a  backing  varnish  and  does  not  lose  its  brilliancy  by 
exposure  to  the  air  as  a  surface-silvered  mirror  does. 
But  if  the  mirror  is  to  be  used  for  reflecting  the  lens- 
image  on  to  a  sensitive  plate,  a  surface-silvered  mirror 
is  essential  in  obtaining  sharpness.  The  mirrors  used 
by  photo-engravers  for  obtaining  reversed  negatives 
in  the  camera  are  therefore  surface-silvered,  and  are 
sometimes  protected  from  tarnishing  by  a  thin  coating 
of  celluloid  varnish.  Surface-silvered  mirrors  of  this 
sort  are  also  used,  for  the  same  purpose,  in  many 
applications  of  science  in  every  day  life. 
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Although  the  reflective  power  of  a 
Halation  transparent  surface  is  small— plain 
glass  reflects  only  about  4  per  cent  of 
the  light  falling  on  it — it  is  sufficient  to  give  rise  to  the 
unsightly  defect  of  halation  met  with  in  making  nega¬ 
tives  on  glass  plates  of  subjects  the  bright  parts  of 
which  come  immediately  against  those  which  are 
darker.  Patches  of  sky  among  tree  branches,  the  win¬ 
dows  of  an  interior  subject,  are  familiar  examples.  The 
halation  arises  chiefly  from  reflection  of  rays,  which 
have  come  through  the  emulsion  film,  by  the  back  sur¬ 
face  of  the  glass  plate.  This  reflection  causes  them  to 
return  along  a  different  path  and  thus  to  produce  an 
extra  and  false  effect,  on  parts  of  the  film  surrounding 
the  image  of  the  bright  portion  of  the  subject.  Refrac¬ 
tion  as  well  as  reflection  plays  a  part  here,  so  that  I 
must  postpone  a  study  of  it  until  we  have  dealt  with  the 
former  (see  page  389). 

When  light  falls  upon  a  matt  sur- 
Reflection  ^ace  unglazed  paper  it  is  reflected, 
but  for  the  most  part  not  at  all  in  the 
way  in  which  it  is  reflected  from  a  polished  surface. 
Each  bundle  of  rays,  instead  of  leaving  it  at  the  same 
angle  at  which  it  met  it,  passes  off  as  a  number  of  rays 
diverging  in  all  directions.  This  is  called  diffused 
reflection  and  is  the  effect  produced  by  the  great  bulk 
of  natural  objects  upon  light  which  falls  on  them.  The 
precise  inward  cause  of  it  does  not  appear  to  be  cer¬ 
tainly  known.  It  would  seem  not  to  be  entirely  due  to 
the  different  angles  which  even  a  surface  which  is 
smooth  to  our  eyes  presents  to  waves  of  the  minute¬ 
ness  of  those  of  light :  the  action  is  supposed  to  be  con¬ 
nected  also  with  a  partial  penetration  of  the  waves 
into  the  particles  of  the  substance  and  their  reemer¬ 
gence  in  all  directions. 

Whatever  may  be  the  cause,  we  owe  to  this  diffusion 
of  light  our  ability  to  see  objects  from  all  positions, 
not  merely  from  one  place  as  in  our  example  of  the 
window,  page  374,  foot.  Stupendous  as  the  idea  seems, 
we  must  imagine  countless  rays  of  light  proceeding 
in  every  conceivable  direction,  each  along  a  straight- 
line  path,  from  every  point  of  every  object.  Only  by 
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conceiving  such  a  condition  as  this  can  it  be  explained 
how  it  is  possible  for  the  eye  or  the  lens  to  form  an 
image  of  a  scene.  The  whole  of  the  light  is  not  reflected 
in  a  diffused  condition.  Some,  a  very  large  proportion 
of  the  substance  if  it  is  dark,  is  absorbed.  Some,  also, 
according  to  the  degree  of  glossiness  of  the  surface,  is 
reflected  regularly  as  by  a  mirror.  But  the  major 
proportion  is  scattered — up,  down,  sideways.  You 
can  have  no  better  example  of  the  action  than  the 
dark  letters  you  see  on  the  ground  against  some  shop 
window  with  lettering  painted  in  the  glass.  In  sunlight 
the  ground  receives  extra  illumination  by  rays  regu¬ 
larly  reflected  from  the  glass,  but  the  painted  lettering 
scatters  the  light  and  thus  causes  the  form  of  the  letters 
to  be  recorded  as  darker  areas  on  the  ground. 

.  In  practical  photography,  however, 

Reflectors  we  want  to  use  surfaces  which  reflect 
light  entirely  in  a  diffusive  way  and 
therefore  it  is  interesting  to  remember  that  ordinary 
white  blotting-paper,  such  as  Photo  Finish  World, 
possesses  this  property,  rivaling  in  this  respect  freshly 
fallen  snow.  According  to  the  most  accurate  measure¬ 
ments  available,  the  proportion  of  light  reflected  is  82 
per  cent.  It  is  probably  impossible  to  get  a  better 
material,  certainly  not  one  which  is  cheaper  and  more 
easily  renewed,  for  the  purpose  for  which  diffusive 
reflectors  are  used,  viz.,  even  illumination. 

This  leads  me  to  touch  again  on  a 
Illumination  point  already  briefly  referred  to  in 
speaking  of  reflection  from  a  mirror 
(page  378).  If  you  look  again  at  Fig.  7,  you  will  realize 
that  the  action  of  a  reflector  of  white  blotting-paper 
differs  from  that  there  represented  in  that  each  direct 
ray  is  not  reflected  along  a  certain  definite  path,  but 
is  broken  up  into  innumerable  minor  (i  e.,  feebler)  rays 
going  in  all  directions.  Fig.  9  illustrates  this  difference 
by  showing  the  diffusion  of  light  from  only  one  narrow 
pencil  of  rays.  Imagine  this  action  to  be  taking  place 
from  every  particle  in  the  surface  of  the  blotting-paper 
and  you  will  understand  that  the  illumination  of  the 
negative  differs  from  that  from  a  mirror  in  the  fact 
that  rays  of  light  fall  upon  it  and  pass  through  it  at 
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every  conceivable  angle,  in  other  words,  in  a  “scat¬ 
tered”  condition  as  distinguished  from  one  in  which  the 
rays  come  in  much  fewer  directions.  The  result  is  more 
even  illumination,  particularly  if  the  prime  source  of 
light  (e.  g.,  an  electric  or  gas  lamp)  is  comparatively 
near  to  the  reflector.  A  mirror  would  never  do  in  those 
circumstances.  Moreover,  for  certain  purposes  this 
more  or  less  complete  scattering  of  the  light  in  enlarg¬ 
ing  a  negative  is  a  good  thing.  We  will  come  to  that 
in  a  moment,  but  here  we  just  note  that  the  blotting- 
paper  reflector  can  well  be  a  good  deal  bigger  than  the 
negative  in  order  to  provide  a  supply  of  oblique  rays. 
There  is  a  limit  to  its  useful  size  because  the  illumina¬ 
tion  falls  off  as  the  rays  become  oblique  and  at  an 
angle  of  30°  to  the  reflector  they  are  only  one-half  the 
intensity  of  those  which  proceed  perpendicularly  to 
the  surface. 

As  the  reader  knows  there  is  another 
Transmission  way  of  illuminating  a  negative  evenly, 
namely,  by  sending  light  to  it  along  a 
direct  path,  at  the  same  time  interposing  a  diffusing 
screen  of  ground  glass  or  opal.  In  other  words  we  diffuse 
the  light  by  transmission  instead  of  by  reflection,  as 
in  the  illuminating  system  of  enlarging  apparatus. 
The  result,  so  far  as  the  nature  of  the  illumination  is 
concerned,  is  pretty  much  the  same.  The  passage  of 
the  light  (daylight  or  an  artificial  source)  through  the 
diffusing  screen  has  the  effect,  as  it  were,  of  creating  a 
fresh  source  of  light  from  which  rays  proceed  in  all 
directions  as  they  do  from  blotting-paper.  At  the  same 
time  a  large  proportion  of  the  light  is  absorbed  by  the 
screen.  Rays  which  pass  through  no  longer  follow  their 
original  course  but  are  broken  up  into  feeble  radia¬ 
tions  which  scatter  in  all  directions  from  each  point 
of  the  screen.  The  behavior  of  light  in  this  way  proves 
sometimes  useful  and  at  other  times  harmful  in  photo¬ 
graphic  work.  Perhaps  one  or  two  examples  will  serve 
to  fix  the  significance  of  this  in  the  reader’s  mind. 

Take  such  a  simple  matter  as  the 
IHmninatkm  illumination  of  the  darkroom.  Until  a 
few  years  ago  it  was  the  rule  to  use  clear 
ruby  or  orange  glasses  in  the  darkroom  lamps.  It  was 
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not  recognized  that  comfortable  working  is  all  a  matter 
of  striking  a  balance  between  the  intensity  of  light 
which  is  without  action  on  the  plate  within  a  reason¬ 
able  time  and  that  which  produces  a  sufficient  effect 
upon  the  eye  to  give  the  desired  illumination.  You  get 
one  at  the  expense  of  the  other,  and  that  applies  to 
light  of  any  color  which  the  color-sensitiveness  of  the 
plate  may  require.  One  evil  feature  (among  others)  of 
the  old  clear  glasses  was  that  they  allowed  the  concen¬ 
trated  rays  from  the  light  in  the  lamp  to  reach  the  eye, 
producing  glare  and  diminishing  the  ability  of  the  eye 
to  see  in  the  weak  illumination. 

The  improvement  came  by  stealth  about  ten  years 
ago,  for  Dr.  Mees,  to  whom  our  modern  really  safe 
“safelights”  may  be  credited,  found  it  convenient  to 
use  paper  as  a  vehicle  for  some  of  his  dyes  in  making 
them.  But  you  will  realize  that  with  a  light  which  dis¬ 
tributes  itself  diffusively,  glare  is  enormously  reduced, 
and  the  physiological  relief  allows  of  lesser  and  safer 
illumination  being  used  with  equal  comfort.  It  is,  in 
fact,  a  maxim  in  the  modern  science  of  illumination 
in  workrooms,  stores,  factories,  etc.,  not  to  expose  the 

eyes  to  undiffused  light 
but  to  use  a  reflected  or 
diffused  light.  This  prin¬ 
ciple  surely  applies  in  the 
photographer’s  dark- 
room  more  than  any¬ 
where  else. 

The  alternative  to  dif¬ 
fusion  by  the  safelight  is 
to  put  the  light  itself 
out  of  sight  and  trans¬ 
mit  its  rays  by  a  diffu¬ 
sive  reflector  (Fig.  9). 
Dr.  Mees  did  in  fact  em¬ 
body  both  methods  in 
1907  in  the  darkroom  lamps  designed  by  Mr.  Wratten. 

Now  see  another  effect  of  this  scat- 
Dilf Enlarging*  te.r[nS  of  light,  namely  in  affecting  the 
kind  of  enlargement  one  gets  from  a 
negative.  It  needs  no  demonstration  to  realize  that  a 
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negative  is  itself  a  semi-transparent  material  which 
transmits  light  diffusively.  Its  diffusive  action  is 
obviously  dependent  on  the  grains  of  silver  in  the 
gelatine  film  and  therefore  is  greatest  in  parts  having 
the  heaviest  deposit  (the  high-lights  of  the  subject)  and 
least  or  nil  in  the  clear  (shadow)  portions. 

This  “scatter”  of  light  from  negatives  has  long  been 
recognized,  but  it  was  the  Belgian  experimenter,  M. 
Andre  Callier,  who  first  pointed  out  how  it  is  the  very 
simple  cause  of  an  enlargement  being  harder  in  contrast 
than  a  contact  print  from  the  same  negative.  Fig.  io 
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is  Callier’s  diagram  showing  how,  in  enlarging  with  a 
condenser  lantern,  a  given  ray  from  the  light-source 
S,  follows  a  definite  path  through  a  clear  part  of  the 
negative  N,  to  the  lens  L.  But  if,  on  the  other  hand,  it 
meets  a  more  or  less  heavy  deposit  in  the  negative,  it  is 
scattered,  as  roughly  shown  by  the  dotted  lines,  and 
hence  much  of  the  light  which  should  be  transmitted 
by  this  minute  area  of  the  negative  does  not  reach  the 
lens  at  all.  Thus  the  shadows  of  the  negative  produce 
too  much  light-action  on  the  bromide  paper  in  com¬ 
parison  with  the  heavier  deposits,  with  the  result  of 
increase  of  contrast. 

In  contact-printing,  with  the  paper  right  against  the 
film  of  the  negative,  there  is  no  opportunity  for  this 
scatter  of  light  rays,  which  therefore  at  every  point 
produce  an  effect  on  the  paper  in  accordance  with  the 
density  of  the  negative. 

In  enlarging,  the  preventive  of  this  hardening  of 
gradation  is  to  illuminate  the  negative  by  light  which 
is  completely  scattered  beforehand.  M.  Callier  does 
this  by  dispensing  with  the  condenser  and  placing  a 
sheet  of  opal  glass  in  contact  with  the  negative.  From 
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this  brief  description  it  will  be  understood  that,  apart 
from  the  quality  of  the  paper,  perfect  diffusion  of  the 
light  is  a  factor  in  making  enlargements  of  contrast 
corresponding  with  that  of  the  negative,  which  may 
account  for  the  efficiency  of  the  little  Kodak  Illuminator 
designed  for  enlarging  from  small  negatives.  It  is  also, 
no  doubt,  for  the  same  reason,  a  reliable  means  of 
avoiding  over-emphasis  of  retouching  marks  on  nega¬ 
tives,  or  of  the  relief  of  carbon  transparencies,  when 
enlarging  either  of  these. 

.  In  enlarging  by  artificial  light  with 

Boxes*8  bought  or  home-made  apparatus,  other 
than  condenser  lanterns,  the  illumina¬ 
tion  is  diffused,  as  a  rule,  partly  by  reflection,  partly  by 
transmission.  The  two  together  are  so  effective  that  it 
is  possible  to  include  also  the  direct  rays  from  the  light- 
source  as,  for  example,  in  the  illuminator  for  the 
Brownie  enlarger.  Remember  here  that  the  effective¬ 
ness  of  the  light  by  reflection  depends  on  the  whiteness 
and  mattness  of  the  reflector:  more  on  these  than  upon 
its  shape.  Makers  of  some  apparatus  suggest  that  a 
matt  reflector  of  paraboloid  curve  sends  parallel  rays 
through  the  negative.  It  does  so  of  course  only  to  a 
very  slight  extent:  the  chief  part  of  the  light  is  scat¬ 
tered.  As  regards  the  scatter  by  a  diffusing-screen,  the 
nearer  this  latter  is  to  the  negative  the  better. 

Nevertheless  this  same  scatter  can 
Light-Scatter  act  inimically.  (A  good  word,  but 
the  Camera  unfamiliar.  It  means  hurtfully  or 
adversely. — -Ed.)  A  film  of  dust  or 
moisture  on  the  back  surface  of  a  lens  forms  a  diffusive 
surface,  causing  a  proportion  of  each  ray  which  should 
proceed  along  its  definite  path  to  form  the  image  to 
scatter  in  all  directions.  The  result  is  that  the  plate 
receives  a  certain  light-action  uniformly  over  its  sur¬ 
face,  apart  from  the  direct  imagine-bearing  rays,  and 
thus  yields  a  flat  or  even  a  veiled  or  fogged  negative. 
The  defect  is  more  pronounced  when  the  lens  faces  the 
sun  more  or  less  directly,  but  in  any  circumstances  it  is 
a  common  cause  of  lack  of  brilliance  in  negatives.  It 
is  also  caused  by  the  reflection  of  light  upon  the  plate 
from  the  interior  of  the  camera  when  a  large  lens  is  used. 
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It  must  not  be  supposed  that  the 
^Diffusin1  whole  of  the  light  which  falls  upon 

Screens  materials  like  ground-glass  or  opal  is 

transmitted  in  a  scattered  direction. 
A  little  probably  passes  on,  as  though  the  screen  were 
perfectly  transparent,  but  a  relatively  large  propor¬ 
tion  is  absorbed.  Figures  for  the  relative  amount 
absorbed  are  very  approximate  since  the  surfaces  and 
thicknesses  of  the  materials  are  very  various.  The 
following  are  the  percentages  of  light  absorbed  by  the 
materials  mentioned  which  are  quoted  for  the  informa¬ 
tion  of  illuminating  engineers:  Light  sand-blasted 
glass,  1 2  to  20  per  cent ;  ground-glass,  20  to  30  per  cent ; 
opal,  25  to  40  per  cent.  Usually  perfection  of  scatter 
goes  hand  in  hand  with  great  absorption  but  there  is 
no  inherent  reason  why  this  should  be  so.  No  doubt 
the  desirability  of  economical  diffusion  of  light  in 
interior  illumination  will  lead  to  great  improvements 
of  benefit  in  photographic  work. 

Before  I  come  to  an  altogether  differ- 
Absorption  ent  ProPerty  of  light-refraction,  I  ought 
to  say  a  word  on  the  absorption  as 
distinguished  from  the  reflection,  which  light  undergoes 
when  it  falls  on  different  surfaces.  It  is  beyond  the 
scope  of  this  monograph  to  deal  with  that  property  of 
dark  or  black  surfaces  which  causes  the  disappearance 
of  light.  It  must  be  sufficient  to  say  that  no  substance 
is  so  black  as  to  absorb  all  the  light  which  falls  on  it. 
The  only  black  is  space  itself :  the  blackest  surface  you 
can  get  looks  lighter  than  the  mouth  of  a  natural  or 
artificial  tunnel  since  it  reflects  some  light.  But  many 
substances  reflect  very  little  light,  which  is  to  say  that 
they  are  efficient  absorbents  of  light.  Black  velvet, 
for  example,  reflects  about  ]/2  per  cent,  and  I  recol¬ 
lect  Dr.  Mees  once  saying  that  a  certain  black  paper 
used  by  Belgian  undertakers  (for  what  purpose  I  have 
completely  forgotten  and  am  now  at  a  loss  to  imagine) 
reflects  still  less.  But  stuffs  which  you  can  spread  on 
any  surface  such  as  wood  or  metal,  the  so-called  “dead- 
blacks,”  usually  reflect  more,  probably  2  or  3  per  cent. 
Surface  reflection  is  of  importance  in  coloring  studio 
interiors  and  workrooms. 
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These  facts  caution  us  that  the 
interior  surfaces  of  a  camera  necessarily 
scatter  onto  the  plate  some  of  the  light 
which  almost  every  lens  casts  upon  them,  for  ex¬ 
ample,  the  folds  of  the  camera-bellows.  If  parts  of 
wood,  metal,  or  canvas  have  worn  bright,  the  specular 
reflection  from  them  may  be  enough  to  cause  definite 
patches  of  fog  on  the  plate,  often  to  the  great  bewilder¬ 
ment  of  the  worker.  Generally  the  reflection  will  be 
diffused,  and  therefore  not  localized  on  the  plate,  but 
marring  the  brilliance  of  negatives  by  slight  general  veil. 

An  explanation  of  the  refraction  or 
Refraction  bending  of  rays  of  light  when  they  pass 
from  one  transparent  substance  into 
another  is  not  such  an  easy  matter.  I  must  ask  the 
reader  to  prepare  himself  for  a  little  geometry,  with 
the  promise  that  it  shall  be 
very  little.  Fig.  11  is  a  dia¬ 
gram  representing  a  ray  of  light 
AB,  falling  obliquely  on  a  plate 
of  glass,  shown  in  section.  Ob¬ 
servations  as  long  ago  as  A.D. 
150  showed  that  it  does  not 
proceed  along  its  straight-line 
path  to  C  but  at  the  point  B, 
where  it  meets  the  glass,  is 
bent  into  a  new  direction.  The 
question  is — what  is  the  law 
according  to  which  it  is  bent? 
Though  it  was  known  in  the 
early  centuries  that  the  de¬ 
gree  of  bending  varied  with 
different  substances,  it  was  not 
until  1626  that  a  Dutch  math¬ 
ematician,  Snellius,  discovered 
the  law.  Since  this  law  is  the 
basis  of  all  lens  -  construc¬ 
tion,  and  in  fact  of  almost 
every  optical  instrument,  it  is  interesting  to  understand 
what  it  is.  As  an  easy  way  to  that  end  let  us  assume 
that  by  some  kind  of  second  sight  we  know  the  course 
the  ray  AB  will  follow,  and  then  see  how  that  fits  in 
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with  a  rule.  So  I  draw  the  path  BD  of  the  refracted 
ray  in  a  plate  of  glass;  also  imaginary  lines  BE  and  BF 
through  the  point  B  and  perpendicular  to  the  glass. 
Just  as  in  the  reflection  of  light,  the  angle  ABE  is  called 
the  angle  of  incidence  ( i ),  DBF  is  the  angle  of  refrac¬ 
tion  (r)  * 

Now  I  am  going  to  do  something  which  appears  to 
have  nothing  to  do  with  our  problem,  but  wait  awhile 
and  you  will  see.  At  right  angles  to  the  perpendicular 
BE  (continued)  I  will  draw  the  line  GH,  meeting  the 
original  ray  AB  at  H.  Next  I  measure  along  the  other 
side  of  B  a  distance  BI  equal  to  BG,  and  from  I  draw  a 
line  IJ  at  right  angles  to  B  (continued)  and  two-thirds 
the  length  of  GH.  I  shall  find  that  the  end  of  this  line, 
the  point  J,  comes  just  on  the  line  of  the  refracted 
ray  BD.  Clearly  that  means  that  my  construction  has 
led  me  to  a  point  in  the  path  of  the  refracted  ray  and 
now  we  must  see  how  we  can  derive  a  rule  from  it. 

In  doing  this,  notice  that  the  lines 
Sines  GH  and  IJ  play  a  similar  part  in  the 
construction.  One  faces  the  angle  of 
incidence  i,  and  the  other  the  angle  of  refraction  r. 
And  you  remember  that  we  made  the  lines  BG  and  BI 
equal,  and  that  therefore  HB  and  BJ  are  also  equal. 
Hence  it  is  clear  that  the  lines  GH  and  IJ  are  relative 
measures  of  the  two  angles  which  they  face.  They  are, 
in  fact,  what  mathematicians  call  the  “sines”  of  the 
angles.  Usually  the  sine  of,  say,  the  angle  i  would  be 
the  ratio  of  GH  to  HB  and  that  of  angle  r  HJ  to  BJ. 
But  as  the  longer  line,  or  hypotenuse  as  it  is  called,  is  of 
the  same  length  in  each  case  we  can  leave  it  out  of 
account.  We  have  adopted  a  particular  construction 
whereby  we  arrive  easily  at  the  relative  value  of  the 
sines  without  any  calculation.  Now  we  can  put  into 
words,  which  will  convey  a  definite  meaning  to  the 
reader,  the  law  which  Snellius  discovered.  It  is  that, 
for  a  pair  of  media,  e.  g.,  air  and  glass,  the  sine  of  the 
angle  ( i )  of  incidence  always  bears  a  certain  relation 

*Note  particularly  that  angles  of  incidence,  reflection,  and 
refraction  are  always  reckoned  from  the  perpendicular  to  the  surface, 
not  from  the  surface  itself.  Thus  the  more  oblique  the  ray,  the  greater 
the  angle  of  incidence.  The  reader  will  save  himself  confusion  if  he 
accustoms  himself  to  this  system. — G.  E.  B. 
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to  the  sine  of  the  angle  (r)  of  refraction,  that  is  to  say, 
the  former  is  i}4,  or  ijj,  or  1%  times  the  latter  what¬ 
ever  the  angle  the  incident  ray  makes  with  the  surface. 

This  ratio  is  called  the  index  of 
Refraction  refraction  of  the  material — in  our  case 
glass — in  respect  to  the  other  material, 
e.  g.,  air,  through  which  the  incident  ray  traveled. 
You  will  recollect  that  we  drew  IJ  two-thirds  the 
length  of  GH.  Therefore  the  index  of  refraction  in 
our  example  is  which  is  the  same  thing  as 

3-7-  2  —  1.5.  If  the  index  of  refraction  had  been 

2,  we  should  have  drawn  IJ  half  the  length  of  GH 
and  so  should  have  obtained  a  path  of  the  refracted 
ray  along  a  line  making  a  smaller  angle  with  the  per¬ 
pendicular  than  does  BD.  In  short,  we  must  accustom 
ourselves  to  the  idea  that  a  figure  for  a  given  index  of 
refraction  represents  the  size  of  the  sine  of  the  angle 
of  incidence  when  that  of  the  angle  of  refraction  is  x, 
and  when  the  ray  is  passing  from  the  rarer  to  the 
denser  medium.  The  other  way  about,  if  the  ray  is 
passing  from  the  denser  to  the  rarer  medium.  If  you 
keep  that  clearly  in  mind,  refraction  becomes  a  simple 
matter.  Note  also  the  two  rules  which  follow. 

.  The  index  of  refraction  of  most  sub- 

Repracts°n  stances,  e.  g.,  water,  glass,  etc.,  is  more 
'  "  than  1. 

When  light  passes  into  such  a  substance  it  is  bent 
toward  the  normal,  as  BD,  Fig.  11. 

When,  on  the  other  hand,  light  passes  from  such  a 
substance  into  air  it  is  bent  away  from  the  normal. 

The  angle  of  refraction  in  this  latter  case  is  easily 
drawn  by  remembering  that  the  figure  for  the  refrac¬ 
tive  index  of  the  solid  substance  then  represents  the 
size  of  the  sine  of  the  angle  of  refraction  when  that  of 
the  angle  of  incidence  is  equal  to  x. 

From  this  it  follows  that  when  a  ray  of  light  falls 
obliquely  on  a  glass  plate,  the  two  sides  of  which  are 
parallel,  it  is  bent  toward  the  normal  when  it  enters  and 
then  away  from  the  normal  by  an  equal  amount  when 
it  emerges.  Thus  the  net  result  of  the  two  successive 
refractions  is  to  shift  the  ray  parallel  to  itself.  The 
thicker  the  plate  the  greater  the  displacement  of  the  ray. 


392 


THE  PHOTO-MINIATURE 


Let  me  illustrate  this  point  and  at 
Drawing  ^e  same  time  show  how  an  ordinary 
ruler  and  compasses  permit  of  our 
exactly  tracing  the  course  of  a  ray  through  any  series 
of  refractions.  Suppose  a  ray  AB  (Fig.  12)  falls  upon 
the  thick  glass  plate  at  B. 

If  it  went  straight  on  un¬ 
refracted  its  course  would 
be  ABC.  But  we  know  it 
will  be  bent  twice  to  an 
amount  depending  on  its 
angle  with  the  surface  and 
on  the  refractive  index  of 
the  glass,  say  1.5.  First, 
to  trace  its  course  at  the 
first  refraction,  i.  e.,  in 
the  glass.  From  center  B 
strike  two  circles  DE  and 
FG  whose  radii  are  in  pro¬ 
portion  of  1.5  to  1,  that  is, 
if  the  outer  is  1.5  inch  the 
inner  is  1  inch,  or  they  may  be  3  and  2,  4^  and  3,  any 
radii  so  long  as  they  are  in  this  proportion.  Through 
the  point  where  the  ray  cuts  the  circle  of  smaller 
radius  draw  a  line  perpendicular  to  the  surface  of  the 
plate.  Continue  this  line  HI  to  meet  the  outer  circle  in 
J.  Then  the  line  JB,  if  continued  into  the  plate,  is  the 
path  of  the  refracted  ray,  i.  e.,  BK. 

The  same  construction  (reversed)  would  enable  us 
to  obtain  the  new  path  of  the  ray  BK  on  its  emergence 
from  the  glass  into  the  air,  but  the  course  is  obtained 
much  more  simply  by  drawing  a  line  from  K  parallel  to 
the  original  ray  AB,  for,  as  we  have  already  seen,  the 
refractive  effect  of  a  flat  plate  with  parallel  surfaces  is 
to  shift  rays  parallel  to  themselves. 

Now  let  us  use  what  we  have  learned 
andWcus1  to  examine  a  case  °f  practical  impor¬ 
tance,  viz.,  the  effect  of  a  light-filter 
on  the  sharp  focus  of  rays  forming  a  picture  on  the 
plate.  In  Fig.  13,  in  order  not  to  waste  space,  I  show 
one  only  of  the  pair  of  rays  passing  through  a  dia¬ 
phragm  to  form  an  image  on  the  plate  at  C,  where  it 
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joins  all  the  other  rays  from  the  same  point  of  the 
subject  which  come  through  a  stop  of  diameter  double 
that  of  AB.  Suppose,  however,  we  interpose  a  light- 
filter  DE,  shown  very  thick  for  clearness;  what  happens 
to  the  ray  BC  and  equally  to  every  other  ray  coming 
through  the  diaphragm?  In  accordance  with  the 
method  of  Fig.  12  it  is  bent  at  F  and  G  and  emerges 
parallel  to  BC  but  shifted  a  little  toward  the  edge  of  the 

filter  and  thus  meets  the 
central  (unrefracted)  ray 
at  H  instead  of  at  C. 

Since  this  applies  to 
other  rays,  the  whole 
image-point  or  disc  is  at 
H.  By  drawing  the  re¬ 
fracted  rays  in  accord¬ 
ance  with  an  index  of 
refraction  of  1.5  it  will 
be  found  that  the  back¬ 
ward  displacement  of  H 
is  exactly  one-third  the 
thickness  of  the  filter, 
and  this  holds  good  for 
any  position  of  the  filter 
and  for  any  angle  of 
the  rays.  It  means,  of 
course,  that  if  we  focus 
without  the  filter  and 
then  insert  it  before 
exposing  the  plate,  the 
picture  will  be  out  of 
focus.  The  degree  to 
which  it  will  be  out  of 
focus  depends  on  the 
thickness  of  the  plate  and  the  angle  of  the  cone  of 
rays  forming  the  image-point. 

I  have  made  this  latter  very  large  (something  like 
f/i)  in  order  to  show  a  large  shift  [backward:  with  a 
lens  of  smaller  aperture  the  backward  displacement 
will  be  the  same  but  its  effect  is  diminished  by  the 
narrower  angle  of  the  pencils  of  rays  which  form  the 
image;  just  as  in  ordinary  focusing  of  the  picture,  when 
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you  are  using  a  small  stop,  the  picture  does  not  quickly 
get  out  of  focus  with  the  slightest  turn  of  the  focusing- 
pinion.  This  setting  back  of  the  focus  takes  place  even 
when  a  plate  is  reversed  in  the  holder  and  exposed 
glass-side  to  the  front,  although  then  the  displace¬ 
ment  (one-third  the  thickness  of  the  glass)  is  usually 
too  slight  to  be  of  any  moment.  Moreover  it  is  auto¬ 
matically  compensated  for  by  reversing  the  focusing- 
screen  in  its  frame,  providing  that  the  plate  and  focus- 
ing-screen  are  the  same  thickness.  In  any  event,  dis¬ 
placement  of  focus  due  to  difference  of  thickness  will 
be  so  small  as  to  be  negligible. 

In  studying  all  this  explanation  of 
Re  and'011  refraction  I  hope  the  reader  has  noticed 
Refraction  an  omission:  he  ought  to  have  done  so 
if  he  has  kept  in  mind  the  previous 
paragraph  on  reflection.  At  any  rate,  look  back  at 
Fig.  1 1  and  it  wall  be  seen  at  once  that  it  does  not  show 
any  reflection  of  the  ray  AB  from  the  first  surface  of 
the  glass  and  of  the  refracted  ray  BD  from  the  second 
surface.  But  we  have  already  learned  that  part  of  the 
light  is  reflected  even  by  a  transparent  substance, 
according  to  our  familiar  law  that  the  angle  of  inci¬ 
dence  is  equal  to  the  angle  of  reflection.  Thus,  when¬ 
ever  light  passes  from  one  substance  into  another  which 
is  optically  different  (i.  e.,  of  different  refractive  power) 
there  is  always  reflection  as  well  as  refraction.  The 
two  go  hand  in  hand.  So  long  as  the  light  continues 
to  travel  through  a  medium  of  the  same  refractive 
index  the  rays  of  light  continue  to  traverse  the  path 
which  they  took  on  entering  the  medium.  The  latter 
may  actually  consist  of  two  different  substances  but 
that,  if  the  refractive  index  of  each  is  the  same,  makes 
no  difference:  optically  they  form  one  substance.  But 
at  the  bounding  surface,  the  two  actions  (reflection 
and  refraction)  come  into  play  again.  To  this  there  is 
an  exception  which  we  must  look  at  it  closely. 

The  exception  concerns  rays  which, 
Reflection  traveling  in  any  substance  such  as 
Surfaces  glass,  reach  the  surface  which  separates 
them  from  the  surrounding  medium — 
air  or  anything  else.  As  we  have  just  been  reminded, 
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such  a  ray  AB  (Fig.  14)  entering  the  glass  plate  at  an 
angle  of  refraction  r,  is  divided  into  two  parts.  When 
it  meets  the  opposite  surface  at  B  the  major  part  is 
refracted  to  C  instead  of  passing  straight  on  to  D, 
whilst  a  small  part  is  reflected  to  E. 

Of  course  the  action  is  repeated  again  at  E  as  at  B, 
but  the  proportion  of  light  which  in  the  first  instance 
is  reflected,  as  compared  with  that  which  is  refracted, 
is  so  small  that  we  may  leave  any  further  sub-division 
out  of  account. 


But  now  think  what  will  happen  as  the  ray  AB 
enters  more  and  more  obliquely,  that  is  as  the  angle  i 
becomes  greater.  Clearly  we  reach  a  point  at  which 
the  maximum  refraction  is  produced:  the  ray  AB 
instead  of  following  a  course  such  as  BC  in  the  sur¬ 
rounding  medium,  is  so  bent  that  it  passes  along  the 
surface  of  the  glass.  In  other  words  its  angle  of  refrac¬ 
tion  is  90°.  It  cannot  be  refracted  more  than  this, 
and  thus  if  the  ray  AB  falls  a  little  more  obliquely 
(Fig.  15)  it  is  no  longer  divided  into  a  refracted  and  a 
reflected  portion  but  the  whole  is  reflected  along  BE. 
In  actual  experiment  the  light  received  at  E  is  seen  to 
jump  up  suddenly  in  intensity  as  this  degree  of  obliquity 
of  AB  is  reached  or  overstepped.  The  angle  i  at  which 
refraction  ceases  and  total  reflection  takes  place  is 
called  the  “critical”  angle.  For  crown  glass  of  refrac- 
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tive  index  1.5  it  is  just  under  42°,  which  means  that 
any  rays  which  meet  the  second  surface  of  a  glass 
plate  at  an  angle  of  incidence  of  420  or  more  are  totally 


reflected  according  to  our  law  of  equality  of  angles  of 
incidence  and  reflection.  You  have  the  remarkable 
phenomenon  of  highly  perfect  reflection  without  any 
mirror  surface. 


.  This  notable  property  of  refraction 

R  Phsm"8  from  a  dense  into  a  rarer  medium  is 
used  in  the  design  of  the  total-reflec¬ 
tion  prism  commonly  fixed  to  the  lens  of  a  photo¬ 
engraver’s  camera,  in  order  to  allow  of  the  original 
being  spread  flat  below  it  and  at  the  same  time  of 
securing  a  negative  which 
is  reversed  as  regards  right 
and  left. 

Such  a  prism  consists  of 
a  block  of  glass  of  triangu¬ 
lar  section,  one  angle  being 
90°  and  the  other  two  each 
450.  Rays  falling  at  right 
angles  to  one  small  face  of 
the  prism  as  AB  and  CD 
(Fig.  16)  meet  the  back 
surface  at  45°  (i.  e.,  more 
than  the  critical  angle) 
and  therefore  are  reflected 
at  an  angle  of  450  to  DE, 
that  is,  at  right  angles  to  their  original  path.  Rays 
such  as  GH  which  strike  the  surface  of  the  prism  ob- 
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liquely  are  refracted  equally  and  in  opposite  directions 
on  entering  and  emerging  and  are  totally  reflected  at 
the  surface  FE  if  they  meet  the  latter  at  an  angle  equal 
to  or  more  than  the  critical  angle.  But  in  thus  using  a 
total-reflection  prism  for  delivering  rays  from  an  object 
to  a  lens  along  a  path,  as  though  the  object  were  in  front 
of  the  lens  instead  of  vertically  below,  it  follows  that 
many  rays  reach  the  surface  FE  at  less  than  the  critical 
angle.  Opticians  therefore  silver  this  surface  and  so 
enhance  its  reflecting  power  above  that  which  a  prism 
of  transparent  glass  possesses. 

It  must  also  be  pointed  out  that  the  prism  requires 
to  be  of  size  sufficient  to  allow  rays  reaching  it  over  a 
required  angle  of  view  to  arrive  at  the  surface  EF 
with  only  the  one  alteration  in  their  course  occasioned 
by  the  refraction  at  the  surface  OF.  If  too  small,  light 
is  refracted  to  the  lens  at  the  surface  OE  or  reflected 
by  this  latter  and  re-reflected  from  EF,  in  either  case 
causing  ghost  or  glare  images  on  the  plate. 

The  total-reflection  prism  is  used  in 
Prism6"  another  way  for  the  purpose  of  produ¬ 
cing  not  a  laterally  reversed  image  in  a 
direction  at  right  angles  but  inversion  of  the  image 
along  the  same  path.  This  it  does  if  placed  in  the  posi¬ 
tion  shown  in  Fig.  17, 
in  which  the  arrows  show 
how  successive  refrac¬ 
tions  and  reflection  bring 
the  upper  rays  below 
and  vice  versa.  This  de¬ 
vice  is  used  in  front  of  a 
projecting  lantern  when 
it  is  required  to  avoid  the  inversion  on  the  screen  of, 
say,  some  experimental  apparatus  in  the  lantern  stage. 

Approaching  the  end  of  the  study 
Halation  which  the  space  of  this  monograph 
permits,  we  come  again  to  halation. 
It  appropriately  rounds  off  the  field  of  our  inquiry, 
since  the  three  things  we  have  looked  at — refraction, 
and  regular  and  diffused  reflection — are  all  concerned 
in  the  spreading  of  light  action  called  halation. 

Let  us  put  the  conditions  under  the  microscope  by 
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representing  on  an  exaggerated  scale  in  Fig.  18  a  grain 
of  silver  bromide  A  in  the  emulsion  coating  on  the 
glass  plate  DE.  Knowing  that  an  emulsion  coating  is 
far  from  opaque,  and  as  a  whole  transmits  light  in  a 
diffused  condition,  we  can  understand  that  rays  reach¬ 
ing  the  particle  A  are  scattered  at  all  angles  through 
the  glass.  Rays  such  as  those  which  reach  F,G,H,I, 
and  J  in  the  direction  E  are  cast  also  in  the  direction  D. 
We  have  occasion  to  consider  only  the  former,  since 
we  know  that  halation  is  marked  only  when  a  bright 
part  of  the  image  comes  against  a  dark  shadow  and 
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Fig.  18 

we  will  take  A  as  a  particle  on  the  extreme  right 
of  the  bright  part.  The  scattered  rays  reach  the  sensi¬ 
tive  film  again  toward  C  and  cause  the  extra  action 
which  results  in  the  distracting  light-halo  in  the  prints. 

A  little  consideration  of  the  manner  of  their  action 
will  show  how  the  defect  is  best  avoided  and  will  be  a 
last  reminder  of  the  working  of  the  laws  we  have 
studied.  Rays  such  as  AF  and  AG  are  in  part  reflected 
back  to  the  film  and  in  part  refracted  beyond  the  glass. 
But  those  which  meet  the  glass  at  the  incidence  angle 
of  42°  (as  shown  for  AH)  or  at  a  still  greater  angle 
(AI  and  AJ)  are  totally  reflected,  42°  being  the  critical 
angle.  Hence  the  spread  of  light  in  the  film  by  reflec¬ 
tion  from  the  back  surface  of  the  glass  is  worse  a  little 
way  from  A  than  it  is  close  to  A — a  characteristic  of 
halation  under  certain  conditions. 
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And  the  preventive?  Clearly  it  may  take  several 
forms:  (i)  A  transparent  instead  of  a  turbid  emulsion; 
hence  no  scatter  of  rays  as  at  A :  not  a  practical  proposi¬ 
tion  at  present.  (2)  A  light-stopping  film  between  emul¬ 
sion  and  glass  either  of  slow  emulsion  or  of  some  color¬ 
ing  film  between  emulsion  and  glass  either  of  slow 
emulsion  or  of  some  coloring  matter:  both  used  com¬ 
mercially  to  some  extent  and  very  effective.  (3)  A 
coating  on  the  back  of  the  glass  of  the  same  refractive 
index  but  also  absorbent  of  the  chemically  active  rays. 
The  third  preventive  is  the  familiar  anti-halation 
backing  for  which  scores  of  formulae  have  been  given. 
The  two  things  just  mentioned  which  really  matter 
are  often  overlooked.  The  backing  should  be  of  the 
same  refractive  index  in  order  that  rays  may  pass 
uninterruptedly  (without  reflection)  and  become 
absorbed.  If  the  backing  allows  this,  it  may  be  per¬ 
fectly  transparent,  whilst  none  the  less  effective.  A 
matt  opaque  backing  cannot  from  its  nature  allow  rays 
to  penetrate:  what  it  does  not  absorb  at  its  surface  it 
scatters  back  to  the  film.  Recognition  of  this  fact  has 
led  within  the  last  few  years  to  highly  effective  and  at 
the  same  time  very  convenient  backing  of  dry-plates 
by  their  manufacturers. 

We  have  in  reality  traveled  a  very 
Conclusion  little  way  in  exploring  the  sphere  of 
light  in  photography,  and  have  not 
been  able  to  reach  the  more  complex  phenomena  which 
play  a  part  in  color-photography  or  in  the  design  of 
photographic  lenses.  Perhaps  I  have  stepped  aside 
too  often  to  point  out  applications  of  the  elementary 
laws:  perhaps  have  been  too  anxious  to  make  these 
latter  clear  even  at  the  risk  of  repetition.  At  any  rate, 
I  hope  I  have  encouraged  the  reader  to  look  below  the 
surface  of  photographic  operations  and  to  obtain  a 
first  sight  of  the  real  facts  and  principles  upon  which 
they  rest.  It  should  be  obvious  that  such  a  conception 
of  what  one  is  doing  necessarily  adds  tenfold  to  one’s 
interest  in  photography  and  is  bound  to  contribute 
to  one’s  success.  GEORGE  E.  BROWN. 
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BOOKS 

Few  books  on  light  are  easy  reading  or  treat  the  sub¬ 
ject  without  a  good  deal  of  mathematics.  Two  which 
can  be  recommended  are  the  following,  although  both 
are  probably  out  of  print  and  only  obtainable  second¬ 
hand. 

Optics  without  Mathematics.  By  T.  W.  Webb,  M.A. 
London  Society  for  Promoting  Christian  Knowledge. 
E.  &  J.B.  Young  &  Co.,  New  York. 

The  Nature  of  Light.  By  Dr.  Eugene  Lommel. 
Routledge  &  Co.,  London,  1895. 


J^otes  anb  Comment 

In  spite  of  the  difficulties  of  war  times,  the  Exhibi¬ 
tion  of  the  Royal  Photographic  Society,  now  open  in 
London,  is  reported  to  be  quite  equal  in  the  quality 
and  variety  of  work  shown  to  the  exhibitions  of  past 
years.  The  exhibits  are  shown  in  three  sections — 
pictorial,  color,  and  scientific.  This  year  the  Society 
has  revived  the  custom  of  giving  medals,  five  being 
awarded  in  the  pictorial  section  (one  to  Alice  Choate 
of  New  York  City);  four  in  the  department  of  color 
photography  (all  autochromes),  and  two  in  the  scien¬ 
tific  and  technical  section. 

American  photography  is  fairly  well  represented  in 
all  the  sections,  being  especially  strong  in  the  scientific 
and  technical  department.  The  portraiture  of  the  year, 
according  to  the  critics,  is  notable  for  its  saneness  and 
quietness.  One  of  the  best  examples  of  this  is  a  home 
portrait  by  an  American  worker,  C.  Peabody,  of 
Cambridge,  Mass.  As  always,  Alvin  Langdon  Cobum 
shows  examples  of  his  recent  work,  which  receives  high 
praise  from  the  reviewers.  The  Hoover  Art  Company, 
of  California,  sends  a  series  of  six  heads  of  young 
women,  described  as  “A  Galaxy  of  Los  Angeles  Youth 
and  Beauty.”  Pirie  MacDonald  does  not  seem  to 
have  exhibited  this  year. 

In  the  scientific  section,  astronomical  photography 
is  chiefly  represented  by  work  from  this  country  and 
from  the  College  of  the  English  Jesuits  at  Stonyhurst. 
An  interesting  exhibit  is  a  series  of  color  transparencies 
of  Saturn  and  Jupiter,  by  the  Kodachrome  process, 
sent  by  Prof.  R.  W.  Wood  of  the  Johns  Hopkins 
University,  Baltimore.  The  exhibits  of  aero  photo¬ 
graphs  from  the  war  front,  photo-micrography,  radiog¬ 
raphy,  natural  history,  and  process  work,  are  notable. 

Among  the  printing  processes  used  the  bromide 
process  leads,  with  platinum  second.  The  oil  and  gum 
methods  seem  to  be  losing  favor. 
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In  “The  Inland  Printer”  for  September,  Mr.  Stephen 
H.  Horgan,  the  well-known  authority  on  process  work 
and  graphic  arts,  has  an  interesting  paper  upon  the 
degenerate  German  in  modern  pictorial  poster  work. 
Germany  has  produced  some  remarkably  clever  and 
attractive  poster  work  in  the  last  ten  years,  but  the 
particular  variety  foisted  upon  this  country  and  still 
disfiguring  our  subway  stations  and  public  buildings 
well  deserves  the  caustic  handling  which  it  receives  at 
Mr.  Horgan’s  hands.  The  paper  is  abundantly  illus¬ 
trated  with  examples  which  are  to  the  point  and 
convincing. 


Some  time  ago  I  commended  in  these  pages  the 
notable  achievement  in  hand-camera  making,  intro¬ 
duced  under  the  name  Auto-Fixt-Focus  hand  camera, 
by  the  Herbert  &  Huesgen  Co.,  18  East  42nd  Street, 
New  York.  This  camera  is  now  in  the  market  and  may 
be  seen  at  most  dealer’s.  Representing  many  dis¬ 
tinct  advances  in  hand-camera  construction,  it  should 
not  be  overlooked.  If  your  dealer  cannot  show  it  to 
you,  send  to  the  makers  for  the  illustrated  leaflet  which 
describes  the  camera  very  fully  and  illustrates  its 
various  movements. 


American-made  developers  for  plates,  films,  and 
papers,  replacing  the  European  developers,  are  now 
coming  into  the  market  in  many  varieties.  Caltone, 
introduced  by  the  Berlin  Aniline  Works,  213  Water 
Street,  New  York,  is  said  to  offer  a  perfect  substitute 
for  Metol.  It  has  been  used  by  some  of  the  largest 
consumers  in  the  country  for  the  past  six  months  and 
its  increasing  sales  show  that  it  fulfils  the  claims  made 
for  it.  Fredol  is  a  new  developing  agent  similar  in  com¬ 
position  and  characteristics  to  Metol,  announced  by 
Burke  &  James,  Inc.,  of  Chicago.  Using  the  standard 
formula,  Fredol  gives  40  ounces  of  developer  for  gas¬ 
light  papers  at  a  cost  of  17^  cents,  this  economy  and 
use  being  a  special  feature  of  this  developer.  Diamido- 
phenol,  said  to  be  identical  with  amidol,  is  made  by 
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Brewster  &  Robbins,  of  South  River,  N.  J.  It  is  an 
all-round  developing  agent,  giving  equally  good 
results  with  the  various  papers,  plates,  and  films  on 
the  market.  Paramidophenol  (Hydrochloric-Edison) 
comes  from  G.  Gennert,  New  York  and  Chicago,  and 
has  the  guarantee  of  this  well-known  house  behind 
it.  It  may  be  used  in  place  of  metol  in  all  the  usual 
metol  formulas  for  plates,  films,  and  papers.  There  are 
other  new  developers,  of  which  more  later,  but  these 
I  can  vouch  for  as  being  thoroughly  satisfactory  and 
reliable. 


As  the  result  of  much  patient  labor,  we  have  accu¬ 
mulated  a  supply  of  out-of-print  numbers  of  The 
Photo-Miniature  for  the  accommodation  of  readers 
of  the  magazine  needing  back  issues  to  complete  their 
sets,  or  who  want  them  for  their  information  on  specific 
subjects.  In  most  instances  there  are  only  two  or 
three  copies  of  each  out-of-print  number.  The  price 
is  25  cents  per  copy,  postfree.  Those  who  want  copies 
should  send  in  their  orders  at  once  as  the  supply  on 
hand  will  quickly  disappear.  A  complete  set  of  The 
Photo-Miniature  is  the  most  comprehensive  and  most 
satisfactory  library  of  photographic  information  in 
the  English  language. 


J.  F.  Johnston,  P.  O.  Box  578,  Rochester,  N.  Y.,  the 
manufacturer  of  Snow  White  Water-Color,  has  pre¬ 
pared  a  special  demonstration  card  showing  the  uses, 
quality,  and  efficiency  of  Snow  White  as  a  marking 
fluid  for  titles,  signatures,  or  decorative  work  in  albums 
or  on  dark  mounts  and  as  a  negative  opaque.  This 
demonstration  card,  with  descriptive  booklet  on  the 
use  of  Snow  White,  will  be  sent  free  to  any  reader  of 
The  Photo-Miniature  who  will  ask  for  it,  mention¬ 
ing  this  note.  Snow  White  is  a  remarkable  product  and 
I  hope  that  Mr.  Johnston  will  be  overwhelmed  with 
requests  for  the  card  which  shows  what  it  will  do.  A 
.  generous  sample  of  Snow  White  can  be  had,  postfree, 
by  enclosing  25  cents  when  you  write. 
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The  California  Camera  Club,  San  Francisco,  an¬ 
nounces  the  Fifth  International  Photographic  Salon, 
to  be  held  in  the  galleries  of  the  Palace  Hotel,  San 
Francisco,  November  25  to  December  2.  Prints  should 
be  mounted  but  not  framed,  and  should  reach  the  Club 
before  November  4  next.  Copies  of  the  Prospectus 
can  be  obtained  from  the  Secretary,  833  Market  Street, 
San  Francisco,  Cal. 


THE  ENSIGN 


Folding  Reflecting  Camera 


Carl  Zeiss  Tessar  Lens  F:4.5 
Ensign  Focal  Plane  Shutter 

Size  3%  x  4%  Plates  or  Film  Packs 


A  wonderfully  compact,  folding 
model  ingeniously  constructed  to 
fold  into  a  space  6%  x6}4  x3 
inches.  Extended  (by  one  mo¬ 
tion)  more  rapidly  than,  yet  as 
rigid  as,  a  box -type  camera. 
Weight,  fitted,  only  four  pounds. 


Shutter  Speeds,  Time, 
Bulb  and  Instantaneous,  up 
to  1/1000  part  of  a  second. 
All  speeds  set  by  one  dial 
and  shutter  releases  evenly 
without  jar. 


The  Folding  Reflecting 
Ensign  equips  you  for  the 
widest  range  of  work — 
from  athletic  work  to  home 
portraiture. 


Price,  $137.50 

Camera  complete,  with  three  plate-holders 
Send  for  Catalogue 

G.  GENNERT 

320  S.  Wabash  Ave.  24-26  E.  13th  St.  693  Mission  St.  455  S.  Olive  St. 
CHICAGO  NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 
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Non- Curling  Colona 

Now  fully  standard¬ 
ized  as  to  surfaces, 
grades  and  expos¬ 
ures.  The  ideal 
paper  for 

The  Finisher 

The  Commercial  Photographer 
The  Studio 

May  be  dried  with  heat.  Send  for  our 
new  Prices  in  Bulk.  Samples  free  on 
request.  Ask  about  Black  Print  Paper 

THE  SUSSEX  PHOTO  SUPPLY  CO,  Newton,  N.  J. 


PARAMIDOPHENOL 

HYDROCHLORIC  -  EDISON 

It  gives  us  pleasure  to  announce  this  new  developer,  which  may  be 
used  in  place  of  Metol  in  the  usual  formula  with  gratifying  results. 


PRICES 

i  ounce  bottle . $1.00.  8  ounce  bottle . $  7.75 

4  ounce  bottle .  3. 90.  16  ounce  bottle .  15.00 


For  sale  by  all  dealers  at  the  above  prices 

G.  GENNERT,  ( Exclusive  Agent) 

New  York  Los  Angeles  Chicago  San  Francisco 
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The  Premier  American  Made 


CAMERA 


2?4x3?4 

Roll 


Film 


Price 

$75 


NOW  ON  SALE 

Ask  to  see  it  at  your  dealer’s. 
Illustrated  booklet  mailed  on  request. 

Herbert  <®>  Huesgen  Co. 

18  East  42d  Street,  near  5th  Ave.,  New  York 
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E 


REDO 

A  DEVELOPING  AGENT  FOR 

PAPERS,  FILMS  and  PLATES 

6<Made  In  America” 


A  Rapid,  Powerful  Developer 

FREDOL  is  a  new  developing  agent  similar  in  composition 
and  characteristics  to  Metol.  It  is  the  only  developing  agent  of 
its  kind,  and  we  have  tested  them  all,  which  has  proved  to  be 
entirely  satisfactory  for  developing  papers,  films  and  plates. 

Use  It  Just  Like  Metol 

FREDOL  is  used  in  exactly  the  same  manner  and  quantity 
as  Metol  in  all  standard  Metol-Hydrochinon  developing  formu¬ 
lae.  It  does  not  oxidize  rapidly  or  wear  out  quickly,  but  will  be 
found  to  possess  remarkable  sustaining  power  and  working 
speed,  and  produces  prints  possessing  beautiful  tones,  free  from 
stain  or  fog,  and  negatives  of  excellent  quality,  clean,  clear  and 
printable. 

Not  An  Experiment 

FREDOL  is  not  an  experiment.  It  has  not  only  been  thor¬ 
oughly  tested  in  our  laboratories,  but  also  in  actual  practice  by 
many  leading  photographers,  who  have  substantiated  their 
recommendations  by  repeat  orders  for  large  quantities. 

Economical  and  Efficient 

Forty  ounces  of  strong  paper  developer  costs  only  17L2  cts., 
while  5  H  gallons  of  commercial  paper  developer,  capable  of  devel¬ 
oping  4,000  4x5  prints,  costs  but  $2.25.  Both  of  these  costs  are 
at  full  list  prices  for  all  chemicals  used.  FREDOL  is  both  effi¬ 
cient  and  economical. 

Order  a  trial  ounce  from  your  dealer  today.  Circulars  and 
formulae  on  request. 

Burke  &  James  Inc 

Sole  Wholesale  Distributors 

CHICAGO  NEW  YORK 
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A  Lens  combination  for 
any  angle  of  view — that 
is  the  range  of  the 


Made  with  n  3-16  inch  VII  Protar  No.  3 

ftausclT|omb 

Convertible  Protar 

Series  Vila 
speed  f  :  6.3  —  f:7.7 


Made  with  7-inch  Vila  Protar  No.  8 

A  truly  convertible  lens  made  up  of  highly  corrected 
single  elements,  which  need  no  stopping  down  as  they 
cover  perfectly  at  full  aperture. 

With  the  Protar  Vila  you  can  make  two  or  three  image 
sizes  from  the  same  viewpoint- — according  to  the  com¬ 
bination  of  lens  elements  you  select. 

Additional  combinations  can  be  purchased  at  any  time, 
forming  sets  with  a  wide  variety  of  focal  lengths.  One 
shutter  takes  all  combinations,  saving  the  troublesome 
multiplication  of  flanges,  adapters,  lens  boards,  etc. 

Ask  your  photographic  dealer  to  show  you 
one  of  these  lenses,  or  write  us  regard¬ 
ing  the  particular  lens  for  your  camera. 

gausch  &  Jprnb  Optical  (o. 

634  ST.  PAUL  STREET  ROCHESTER,  N.  Y. 
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Folmer  &  Schwing  Division 

Eastman  Kodak  Co.  Rochester,  N.  Y. 


— shows  you  the  picture 
IN  FOCUS  as  you  take  it 


w, 


ait  ’ til  the  sun  comes  out  again * 


No!  Not  with  a  Graflex — don’t  need  to. 
Sun  or  shadow  makes  little  difference  with  a 
Graflex.  It  makes  the  most  of  the  light  and  sub¬ 
ject.  It  gets  the  pictures  sharp  in  every  detail 
because  it  gives  exact  focus  and  FULhY-timed 
exposures.  Write  for  the  Graflex  Book. 

If  photography  is  more  than  a  plaything  for 
you,  the  Graflex  Book  will  surely  interest  you 
with  its  story  of  this  camera  that  has  freed  the 
photographer  from  dependence  on  the  sun’s 
presence — and  helped  him  take  pictures  under 
conditions  impossible  with  cameras  of  the  us¬ 
ual  type  Write  for  the  Graflex  Book  now . 
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FOR  EXACTING  PHOTOGRAPHY 
THE  FAMOUS 

GOERZ 


MAY  BE  DEPENDED  UPON  FOR  RESULTS 


NO  matter  what  your  photographic  requirement  may  be 
there  is  a  GOERZ  LENS  to  meet  it.  The  well- 
known  GOERZ  CELOR  F:4.5-F:5.5  has  long  held 
an  enviable  reputation  as  a  fine  studio,  group  and  general- 
utility  lens.  The  famous  GOERZ  DAGOR  F:6.8-F:7.7 
needs  no  introduction.  For  nearly  twenty-five  years  it  has 
maintained  the  reputation  of  being  the  best  all-round  anas- 
tigmat  lens  produced.  The  newspaper  photographer  can 
depend  upon  the  GOERZ  DAGOR  as  he  can  upon  no 
other  lens.  Our  GOERZ  PROCESS  DAGOR  F:7.7  and 
GOERZ  PROCESS  ARTAR  F:9-F:1 !  are  well  known 
in  the  photo- engraving  plants  throughout  the  country.  We 
have  recently  produced  the  new  GOERZ  ROTAR  F:8, 
which  has  already  been  well  received  among  photo-en¬ 
gravers  and  commercial  photographers.  The  GOERZ 
KINO  HYPAR  F:3.5  has  met  the  most  exacting  require¬ 
ments  of  both  studio  and  field  motion  picture  photography. 
W rite  our  Correspondence  Department  for  full  information 
in  regard  to  these  and  other  GOERZ  LENSES,  then  call 
at  your  dealer’s  for  the  trial  privilege. 


C.  P.  Goerz  American  Optical  Company 

317F  East  34th  Street  NEW  YORK  CITY 
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The  Oldest  Photographic  Magazine  in  America 


BEAUT  1  FULLY  Illustrated  Monthly  of  reliable  in¬ 
formation  and  instruction.  The  authority  for  over 
fifty  years,  and  noted  for  its  sound,  practical  help  in  all 
branches  of  photographic  work. 

The  Journal  which  readers  keep  and  refer  to 
again  and  again. 

Trial  Four  Months,  Fifty  Cents 
Yearly  Subscription  ...  $1.50 

EDWARD  L.  WILSON  CO.,  Inc. 

Camera  Building  122  East  25th  Street,  Ne.w  York 
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By  increasing  the  Kodak’s 
field  of  usefulness, 

The  Kodak 
Portrait 
Attachment 

puts  added  pleasure  in  amateur  photography. 

Head  and  shoulder  portraits,  “close- 
ups”  of  every  description  are  easily  ob¬ 
tained  through  its  means.  It’s  simply 
an  extra  lens  which,  when  slipped  on  over 
the  regular  lens  equipment,  brings  nearby 
objects — objects  within  arm’s  length  if  you 
will — into  sharp  focus. 

It  costs  but  fifty  cents 

EASTMAN  KODAK  COMPANY 

ROCHESTER,  N.  Y. 

At  your  dealer 's 
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Here  is  a  lens  tliat  we  make  ourselves  —  a 
lens  that  has  a  trifle  more  speed  than  the  best 
of  the  Rapid  Rectilinears  and  that  in  quality 
— depth,  definition  (sharpness)  and  flatness 
of  field  is  the  equal  of  the  best  anastigmats. 
It  is  made  solely  for,  and  is  therefore  adapted 
to,  hand  camera  work. 

We  are  able  to  sell  Kodaks  equipped  with 
this  very  superior  lens  at  only  a  slight  advance 
in  price  over  an  ordinary  rectilinear  lens. 
Even  to  those  who  are  purchasing  the  cheaper 
Kodaks,  the  slight  additional  cost  of  the  Kodak 
Anastigmat  /. 7.7  is  a  conservative  investment. 
It  will  pay  dividends  in  better  pictures. 

EASTMAN  KODAK  COMPANY 

ROCHESTER,  N.  Y. 
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As  right  as 
a  full- 
jeweled 
watch 


The  Vest  Pocket 
Autographic  Kodak 


with  Kodak  Anastigmat  lens,  /.  7. 7 


A  vest  pocket  camera  that  will  really  go  into  the  vest  pocket 
— comfortably. 

A  lens  that  gives  microscopic  definition  and  has  speed  to 
spare;  a  ball-bearing  shutter  that  works  silently,  accurately, 
without  jerk  or  jar. 

“Autographic,”  of  course.  All  the  folding  Kodaks  are. 

In  this  camera  Kodak  simplicity  and  the  utmost  convenience  are 
combined  with  an  optical  quality  that  perfectly  meets  the  require¬ 
ments  of  those  who  demand  an  instrument  of  the  highest  type. 


Pictures,  1^x2^  inches 

Price,  $10.00 


If  it  isn't  an  Eastman ,  it  isn't  a  Kodak 
Catalogue  free  at  your  dealer  s,  or  by  mail 


EASTMAN  KODAK  COMPANY 


The  Kodak  City. 


ROCHESTER,  N.  Y. 
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“KODAK’ 

is  our  registered  and  common- 
law  Trade  Mark  and  cannot  be 
rightfully  applied  except  to 
goods  of  our  manufacture. 
When  a  dealer  tries  to  sell  you 
under  the  Kodak  name  a 
camera  or  films  or  other  goods 
not  of  our  manufacture,  you 
can  be  sure  that  he  has  an  in¬ 
ferior  article  that  he  is  trying 
to  market  on  the  Kodak 
reputation. 

If  it  isn't  an  Eastman ,  it  isn't  a  Kodak. 
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The  New  3A  KODAK 


Has  the  autographic  feature  whereby  you 
can  date  and  title  your  films  at  the  time  of 
exposure ,  is  fitted  with  the  new  Kodak  Anas- 
tigmat  /././  lens — a  lens  that  leaves  nothing  to 
be  desired  in  definition  (sharpness)  and  flatness 
of  field  and  has  more  speed  than  even  the  best 
of  the  Rapid  Rectilinear  lenses. 

The  shutter  is  the  Kodak  Ball-Bearing  with 
instantaneous  speed  of  1/25,  1/50  and  1  / 100  of 
a  second  and,  of  course,  the  usual  time  and 
“bulb”  actions.  High  grade  in  every  detail. 

No.  3^  Autographic  Kodak,  pictures  3 x  5H,  Kodak 

Anastigmat  lens  f.7.7 . $27.50 

Do.,  with  Rapid  Rectilinear  lens . 22.50 

Catalogue  free  at  your  dealer  s,  or  by  mail 

EASTMAN  KODAK  COMPANY 

ROCHESTER,  N.  1  .,  The  Kodak  City 
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The  upper  half  of  the 

Kodak  Sky  Filter 

is  stained  yellow,  thus  holding  back 
the  bright  light  of  the  sky  against 
over  exposure  while  the  lower  half, 
being  colorless,  allows  the  foreground 
the  normal  exposure  it  demands. 

With  it  you  hold  the  cloud  effects, 
at  only  double  normal  exposure. 

The  price  ranges  from  fifty  cents 
to  one  dollar  according  to  size. 

EASTMAN  KODAK  COMPANY 
ROCHESTER,  N.  Y. 

At  your  dealer  s 
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Send  25  Cts.  Today 

FOR  A  SAMPLE  JAR  OF 

Snow  White 

The  Perfect  White  Marking  Fluid:  for  Titles 
on  Mounts,  Albums,  and  Every  Other  Similar 
Purpose  in  Photography.  It  writes  smoothly 
and  easily  with  a  pen,  or  gives  perfect  grada¬ 
tion  to  absolute,  solid  white  with  brush  or  air¬ 
brush.  Use  it  as  a  perfect  opaque,  too,  for 
negatives  or  signatures. 

J.  F.  JOHNSTON,  !?g  Rochester,  N.  Y. 


“  Optical  Notions  ” 

means  extended  appreciation  of  lens 
and  light  values. 

But — 

without  the  proper  plate  to  record  these 
values,  optical  excellence  is  impossible. 

USE 

CRAMER  PLATES 

The  emulsions  of  dependable  definitions. 

G.  CRAMER  DRY  PLATE  CO.,  St.  Louis,  Mo 
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This  $125  3A  Graflex  for  S<85  is  one  of  the  %4 
camera  values  shown  in  our  new  Bargain  Bui 
letin.  A  Bargain  Bulletin  tilled  with  wonder¬ 
ful  money-saving  camera  offers.  If  interested 
in  abetter  machine,  write  us  today — we  have 
just  the  camera  or  lens  you  want  at  a  price 
you  will  want  to  pay. 


DAVID  STERN  COMPANY 

The  National  Camera  Exchange 
1047-P  Madison  St.,  Chicago,  Illinois 


Photographing 
the  Children 

The  Photo-Miniature  :  No.  152 

The  only  book  on  the 
subject :  for  the  amateur 
and  professional.  As 
interesting  as  the 
“kiddies”  themselves. 
Get  it — today. 

Price  25  Cents 
At  All  Dealers 

TENNANT  &  WARD 

103  Park  Ave.  New  York 


Library  of  Amateur  Photography 

We  have  purchased  the  entire  edition  at  such  a  price  that  we  can  afford 
to  send  a  set  at  practically  no  expense  to  you.  There  are  no  strings 
tied  to  the  offer,  and  it  is  bona  fide. 

IT8*  W  T  Vol.  I.  Elementary  Photography. 

jGjjB  TO  Vol.  II.  Negative-Making,  Printing*  Copy- 

Jir  ing.  Enlarging,  Retouching. 

Vol.  III.  General  Exterior  Photography. 

OX-i  LJ  IVIES  Vol.  W*.111  At-Home  Portraiture,  Flashlight. 

▼  Commercial  and  Press  Photography. 

These  books  are  new  and  freshly  bound  in  Dark  Maroon  Vellum  Binding  and 
would  readily  sell  for  a  greater  price  than  we  ask  for  a  three  years’  subscription. 

1,620  pages  of  information  especially  suited  to  the  amateur  photographer.  Noth- 
ing  over;  our  head.  HERE  IS  OUR  PROPOSITION: 


Send  us  $4.50  for  a  three  years’  subscription  to  The  Camera  or  a  one  year  sub¬ 
scription  to  three  of  your  friends,  and  the  set  of  books  is  yours.  We  will  start 
these  subscriptions  with  any  issue,  so  that  you  may  use  them  as  Gifts.  Tee 
Camera  is  sent  post-free  in  United  States. 

Or,  send  us  $2.50  and  we  will  send  you  a  set  of  the  books  and  one  year’s  sub¬ 
scription  to  The  Camera.  The  Camera  is  the  most  beautifully  printed,  illustrated 
and  practical  monthly  photographic  magazine  in  America. 

The  Books  are  sent  by  parcel-post,  and  12  cents  must  be  added  for  the  first  and 
second  zone;  20  cents  for  third  zone;  35  cents  for  fourth  zone;  50  cents  for  fifth 
zone;  65  cents  for  sixth  zone;  81  cents  for  seventh  zone;  96  cents  for  eighth  zone. 
Weight  for  shipping,  eight  pounds.  We  do  not  pay  expressage. 


Orders  must  be  sent  only  to 

THE  CAMERA  208pHI°LADELtpmAe 
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The  British  Journal 
Photographic  Almanac 

The  greatest  book  on 
photography 

Order  the  1917  volume  from 
your  photo-store  now 


For  those  who  seek  to  know  more  about 
picture-making 

THE  APPEAL 
OF  THE  PICTURE 

By  F.  C.  TILNEY 

A  critical  analysis  of  the  principles  of  picture-making, 
written  for  pictorial  photographers  and  students  of  art,  by 
one  who  appreciates  the  possibilities  of  photography  as  a 
medium  of  expression. 

312  pages)  many  illustrations  and  diagrams 

Price  $2.50,  Postfree 

TENNANT  AND  WARD 

103  Park  Avenue,  New  York 
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There  is  a  profitable 
field  of  camera  work 
for  the  amateur  who 
can  make  really 
clever  photographs 
of  flowers,  trees,  gar¬ 
dens,  etc.,  for  the  out¬ 
door  life  and  country 
magazines,  farm  pa¬ 
pers,  book  publishers 
and  for  calendar  use. 

Good  prices  paid  for  good 
work,  and  a  constantly 
growing  market  open  all 
year. 

GETa^READ 

J.  Horace  McFarland’s 

PHOTOGRAPHING 

FLOWERS 
AND  TREES 

The  only  handbook  to  this  fas¬ 
cinating  and  profitable  hobby — 
with  a  supplement  on  “Deco¬ 
rative  Photography,”  showing 
how  all  natural  forms  are 
adapted  for  illustration  pur¬ 
poses.  Covers  the  subject  com¬ 
pletely,  with  detailed  working 
methods  from  practical  ex¬ 
perience. 

A  gold  mine  book  for  those  who 
can  put  it  to  work. 
PROFUSELY  ILLUSTRATED 
93  pages,  73  illustrations 
frontispiece  in  colors 
Price  50  cents,  post  free 

TENNANT  &  WARD 

103  PARK  AYE.,  NEW  YORK 


Do  You  Wish  to  Sell 
Photographs 

or  Manuscripts  Illus¬ 
trated  with  Photographs? 

THE  EDITOR  (The  Journal 
of  Information  for  Literary 
Workers) ,  in  its  22nd  year,  lists  in 
each  number  the  names  of  publi¬ 
cations,  publishers,  manufacturers 
of — calendars,  post -cards  and 
novelties,  syndicates,  etc.,  that 
offer  markets  for  stories,  poems, 
articles,  photographs — literary  and 
art  work  of  all  kinds. 

■THE  EDITOR  is  the  writer’s 
trade-journal,  it  has  helped 
thousands  to  find  the  way  into 
print.  Jack  London  says :  “The 
Editor  taught  me  how  to  solve 
thestamp  and  landlady  problems.” 

Yearly  subscription,  fortnightly, 
$2.00  a  year;  single  copy,  10  cts. 

THE  EDITOR,  Box  980,  RIDGEWOOD,  N.  J. 


To  Sell  Manuscripts, 
Photographs  or  Art 
Work  is  always  the 
hardest  part  of  the 
writer’s,  artist’s  or 
photographer’s  job. 

But  if  this  marketing  is  done 
systematically,  and  with  due 
judgment,  it’s  much  easier. 
“1001  PLACES  TO  SELL 
MANUSCRIPTS”  is  the  com¬ 
plete  and  accurate  guide  to  the 
requirements  of  those  who  buy 
all  kinds  of  material.  More  than 
4,500  markets  for  all  kinds  of 
manuscripts  from  two-line  jokes 
to  books,  and  for  photographs, 
etc.,  are  listed  and  classified.  The 
new  edition,  just  off  press,  is  a 
well  printed  and  strongly  bound 
book  of  350  pages.  Price  $1.62, 
postpaid. 

THE  EDITOR,  Box  980,  RIDGEWOOD,  N.  J. 
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\  New  Photographic  Paper-  JAPINE  SILVEP 


AN  INEXPENSIVE  PAPER,  GIVING  BRILLIANT  SEPIA  TONES 

Sizes  Per  doz.  I  Sizes  Per  doz. 

3Mx4M  ■  •  •  $0.20  5  x7  ...  $0.50 

4  x5  ...  .30  6V2x8'A  ...  .80 

3lixSH  ...  .35  |  8  xlO  ...  1.20 

Full-size  rolls  equaling  one  dozen  20  x  26  sheets,  $6.50.  Special  Toner  for  Japine 
Silver  sufficient  for  two  dozen  8x10,  or  eight  dozen  4  x  5,  25  cents.  Send  50  cents 
for  a  liberal  sample  of  paper  and  toner,  any  size  up  to  8  x  10. 

WILLIS  &  CLEMENTS,  1814  Chestnut  Street,  PHILADELPHIA 


GIVES  TRUE  VALUES  IN  RETOUCHING 

MADE  IN  17  DEGREES 

Insist  upon  getting  DIXON’S  ELDORADO  when  you  buy. 

JOSEPH  DIXON  CRUCIBLE  CO. 

Established  1827  Jersey  City,  N.  J. 


BUY  ADVERTISED  GOODS 


40}  PAYS  FOR  A  {  3 

CENTS  J  [  MONTHS 

SUBSCRIPTION 

Thirteen  24-page  numbers  for  Forty  cents 

Prize  Competitions  Every  Week 

We  send  no  sample  copies,  because  the  value  of  a  magazine 
cannot  be  judged  from  one  copy.  Forty  cents  is  a  small  sum,  and 
if  you  don’t  think  the  3  months’  subscription  is  worth  it,  you  are  wel¬ 
come  to  your  money  back.  Send  it  today. 


A  three  months’  trial  subscription  .  .  .  $0.40 

In  Canada  . .  .53 

Regular  subscription  price  per  year  .  „  1.50 

In  Canada . 2.00 


Check,  U.  S.  stamps,  money  order,  coin, 
any  convenient  form  of  remittance 

The  Amateur  Photographer’s  Weekly 

Euclid  Ave.  and  Ninth  St.  *  Cleveland,  Ohio 
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THE  KEEPING  QUALITIES 
OF  HAMMER  PLATES 
ARE  UNSURPASSED! 


That’s  why  they  turn  out  crisp,  snappy  negatives  with  tough,  firm 
films  under  the  most  trying  conditions  of  heat  and  humidity. 
Hammer’s  Special  Extra  Fast  (red  label)  and  Extra  Fast  (blue  label) 
Plates  for  field  and  studio  work  and  Hammer’s  Extra  Fast  Orthochro- 
matic  and  D.  C.  Orthochromatic  Plates  for  color-values. 


I 


REG.  TRADE  MARK 


Hammer’s  Little  Book,  “A  Short  Talk  on  Negative- 
Making,”  mailed  free 


HAMMER  DRY-PLATE  COMPANY 

Ohio  Avenue  and  Miami  Street,  ST.  LOUIS,  MISSOURI 


PHOTO  -  ENGRAVERS’ 
MACHINERY 


JOHN  ROYLE  &  SONS 

PATERSON,  N.  J. 

_ I 


10  Per  Cent  to  50  Per  Cent  Saved  on  all  Makes  of  CAMERAS 

Our  new  No.  19  BARGAIN  LIST,  which  is  now  ready,  is  better  than  ever. 
Contains  some  startling  values  in  Cameras,  Lenses,  and  Photographic  supplies. 
We  BUY  and  SELL  all  kinds  of  Cameras.  Imported  lea  and  Butcher  Cameras. 
Headquarters  for  CYKO  PAPER.  Write  today  for  FREE  COPY. 

NEW  YORK  CAMERA  EXCHANGE,  114  Fulton  St.,  New  York 
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DIJITAL,  The  King  of  All  Developers 

$1  ounce,  $15  pound 

AMIDOL . $1  ounce,  $12  pound 

MONOMET.  (British  Made)  ..  .$1.50  ounce,  $22.50  pound 

HYDROCHI  NOME . $4.50  pound 

WILLOUGHBY,  Broadway  and  Eleventh  St.,  New  York  City 


We  have  gathered  together 
from  the  ends  of  the  earth 

clean  second-hand  copies  of  the  out-of-print 
numbers  of  THE  PHOTO-MINIATURE. 

In  many  cases  these  are  difficult  to  get.  If  you 
want  any  of  them  to  complete  your  set  of  the 
magazine,  this  is  your  opportunity.  Avoid  dis¬ 
appointment  by  sending  now  for  what  you  want. 
Tomorrow  may  be  too  late. 

We  have  no  list  of  these  numbers;  in  most  cases 
we  have  only  a  copy  or  two  of  each  number. 

Send  the  titles  of  what  numbers  you  want  and 
25  cents  per  copy — and  we  will  send  the  numbers 
ordered  if  we  have  them — or  advise  you  fully. 

Out-of-print  and  scarce  numbers 
of  The  Photo-Miniature 

TENNANT  AND  WARD,  Publishers 
103  Park  Avenue,  New  York,  U.  S.  A. 


DIAMIDOPHENOL 

A  rapid  and  extremely  powerful  developer;  suitable  for  gaslight  and  bromide 
papers,  plates  and  films.  No  caustic  or  carbonate  sodas  used,  so  prolonged 
development  is  possible  without  ill  effects  to  the  emulsions  or  fingers. 

Prices:  $1  per  ounce;  $7.50  half  pound;  $14  per  pound 

BREWSTER  &  ROBBINS,  So,!outh  river,  n  l  s' 
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The  biggest  value  ever  offered  in 
practical,  helpful  information,  at  the 
price,  is  found  in  these  little  books: 

THE  “BIG  SIX”  SERIES  OF 
PHOTOGRAPHIC  HANDBOOKS 

Handy  in  size — they  fit  the  pocket — and 
every  page  is  crowded  with  just  the  plain 
facts  and  formulas  you  want  to  get  suc¬ 
cessful  results  in  your  work. 

Each  book  is  complete  in  itself,  written  in  plain 
words  by  an  expert,  concise  and  up-to-date.  Thou¬ 
sands  of  copies  have  been  sold.  A  wonderful 
library  of  photographic  information.  $1.50  per  set. 

PHOTOGRAPHY  OUTDOORS 

Chapter  I.  The  Pleasures  of  the  Field.  II.  The  Photographic  Equipment. 
III.  Landscape  Composition.  IV.  Street  Views  and  Buildings.  V.  Sunsets  and 
Moonlight  Scenes.  VI.  Cloudland  and  Sky.  VII.  Marine  Photography. 
VIII.  Yacht  Photography.  IX.  Seashore  Work.  X.  Snow  and  Frost  Pictures. 
XI.  Panoramic  Views.  XII.  Photographing  Moving  Objects.  XIII.  Out¬ 
door  Sports. 

PHOTOGRAPHY  AT  HOME 

Chapter  I.  The  Home  and  Its  Possibilities.  II.  The  Question  of  Illumina¬ 
tion.  III.  Home  Interiors  by  Daylight.  IV.  Interiors  by  Gaslight  and  Flash¬ 
light.  V.  Home  Portraiture  by  Daylight.  VI.  Home  Portraits  by  Flashlight. 
VII.  Flower  Photography.  VIII.  Enlarging  at  Home  by  Daylight.  IX.  Enlarg¬ 
ing  by  Artificial  Light.  X.  Copying  Prints  and  Daguerreotypes.  XI.  Prints  on 
Fabrics;  Imitation  Enamels. 

DARKROOM  WORK 

Chapter  I.  Working  Space  and  Ventilation.  II.  Illumination  of  the  Dark¬ 
room.  III.  Work-tables,  Cupboard,  Plate-carriers.  IV.  Water-supply,  Tap- 
fitiings,  Tabes,  Labels.  V.  Filtering  Apparatus.  VI.  Corks  and  Bottles. 

VII.  Tray  Rocker,  Plate  Lifters,  Weighing.  VIII.  Making  Solutions.  IX.  Chemi¬ 
cals.  X.  Washing. 

FLASHLIGHT  PORTRAITURE 

Chapter  I.  The  Beginnings  of  Flashlight  Photography.  II.  Failure  versus  Suc¬ 
cess.  III.  Apparatus.  IV.  Flashlamps  and  Flash  Powders.  V.  Bust  Portraits.  VI. 
Large  and  Small  Groups.  VII.  Special  Lighting  Effects,  Doorway  Pictures,  Silhouettes. 

VIII.  Technical  Notes.  The  Development  of  Flashlight  Negatives. 

BROMIDE  PRINTING  AND  ENLARGING 

Chapter  I.  Varieties  of  Bromide  Paper;  How  to  Choose  Them.  II  Light  and 
Illumination.  III.  Making  Contact  Prints  and  Paper  Negatives.  IV. .  Enlarging  by 
Daylight.  V.  Artificial  Light  Enlarging  Methods.  VI.  Dodging,  Vignetting,  etc. 

VII.  Reduction  and  Toning  Methods. 

DEVELOPERS  AND  DEVELOPMENT 

Chapter  I.  Negative  Making.  II.  Developing  Agents.  III.  Composition  of  De¬ 
veloping  Solutions.  IV.  Making  up  Developers.  V.  Chemical  Manipulation.  VI. 
Pvro-soda,  Pyro-potash,  Pyro-metol,  Pyro-acetone.  VII.  Ortol  and  Ortol-metol. 

VIII,  Hydroquinone,  Hvdro-Eikonogen,  Audurol,  Amidol,  Nerol.  IX.  Metol,  Metol- 
Hydro,  etc.,  Satrapol,  Rhodol.  X.  Glycin,  Eikonogen,  Eiko-hydro.  XI.  Rodinal, 
Citol,  Tolidol,  Microgen,  Duratol. 

Paper  Covers,  25c.  each.  Set  of  six,  $1.50 

GET  THEM  FROM  YOUR  DEALER 

If  he  cannot  supply,  we  will  mail  promptly  on  receipt  of  price 

TENNANT  &  WARD,  103  PARK  AVENUE,  NEW  YORK 


Johnson’s 

Retouching 

Negatives 

AND 

Finishing 

Prints 

A  new  edition  of  this  stan¬ 
dard  textbook,  wholly  re¬ 
written  and  brought  up  to 
date,  by 

T.  S.  BRUCE  and 
ALFRED  BRAITHWAITE 

/  00  pages.  9  x  6\  in. 

The  book  supplies  most  thorough 
and  practical  instruction  in  the  re¬ 
touching,  working  up  and  color¬ 
ing  methods. 

I.  Negative  Retouching 

By  T.  S.  Bruce 

Material  for  Negative  Retouching.  Posi¬ 
tion  of  Desk.  Sharpening  Pencils.  Apply¬ 
ing  Medium,  etc.  Knife  and  “Negafake” 
Work.  Position  at  Desk.  Correct  Holding 
of  Pencil.  Best  Touch  for  Beginners. 
What  to  Aim  At.  Varnishing.  Double- 
Working.  Modeling.  General  Remarks 
on  Modeling.  Hair  and  Dress.  Foliage 
and  Grass,  Snow,  Clouds  and  Water, 
Animals,  Spotting,  Stumping,  Blocking 
Out,  Stipplette,  etc.,  etc. 

II.  Working  Up  and  Coloring 
Prints,  etc. 

By  Alfred  Braithwaite 
Working  up  Enlargements  in  Mono¬ 
chrome-Powder  Work,  Cloudy  Back¬ 
grounds,  Vignetting,  Brush  Work, 
Treating  the  Hair,  Eyes,  etc.  Small 
Work.  Sketch  Portraits.  Using  the 
Aerograph.  B.  &  W.  Work.  Water- 
Colors,  Stipplette.  Finishing  in  Oil- 
Colors,  etc.,  etc. 


Price,  $1.25,  Postlree 

Send  your  order  direct ,  as  n>e 
cannot  supply  through  your  dealer 
on  this  item . 

TENNANT  &  WARD 

103  Park  Avc.,  New  York 


PICTORIAL 

LANDSCAPE 

PHOTOGRAPHY 

By 

JOHN  A.  HODGES 

We  have  found  a  few  copies 
of  this  little  book — the  most 
helpful  guide  to  landscape  pic¬ 
ture  making  ever  written — and 
offer  it  at  25  cents  postfree 
while  the  supply  lasts.  Do  not 
neglect  your  opportunity.  A 
clever  book.  It  will  help  you. 
i  x  i  pp.  Illustrated. 

TENNANT  &  WARD 

103  Park  Ave.,  New  York 


The  ABC  of 
MOTION 
PICTURES 

By 

ROBERT  E.  WELSH 

A  pocket  volume  of  12 1 
pages,  illustrated,  which  tells 
you  all  about  the  moving  pic¬ 
ture — how  it  is  planned,  made 
and  projected.  Full  of  prac¬ 
tical  information  and  interest. 
Just  the  book  for  a  summer 
holiday  reading.  Sent  postfree 
on  receipt  of 

50  CENTS 

TENNANT  &  WARD 

103  Park  Ave.,  New  York 
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HIGGINS' 


The  kind  you  are  sure  to  use 
with  continuous  satisfaction. 


At  Dealers  Generally 


ChaS.  M.  Higgins  &  Co.,  Manufacturers 

271  Ninth  St.,  Brooklyn,  N.  Y. 


Mr.  Miles  Greenwood,  84  Cottage  Street,  Melrose,  Mass.,  makes  a 
specialty  of  handling  high-grade  lenses,  or  lenses  for  special  pur¬ 
poses.  Knowing  the  kind  of  work  to  be  done,  he  will  make  sugges¬ 
tions  as  to  the  best  outfit.  The  developing  of  films  and  film-packs 
used  in  cameras  like  the  Graflex  requires  very  careful  handling  to 
produce  the  best  results.  Mr.  Greenwood  does  this  work  and  it 
is  said  that  his  work  is  not  surpassed.  Write  for  information.  Work 
from  this  shop  is  a  standard  of  excellence. 


Branches: 
Chicago,  London 


PHOTO 

MOUNTER 

PASTE 


Chemically  Pure,  Non-Linting,  Durable,  Economical 

FOR  EVERY  PHOTOGRAPHIC  PURPOSE 


I 


PHOTO  FINISH  WORLD: 


BLOTTER  IS  THE  BEST  IN  THE  WORLD 

INSIST  ON  “PHOTO  FINISH  WORLD.”  YOUR  DEALER  HAS  IT 
Write  Us  For  Working  Sample 

THE  ALBEMARLE  PAPER  MFG.  CO.,  RICHMOND.  VA.,  U.  S.  A. 


Put  real  life  into  your  kodak  pictures 

Give  the  natural,  living,  breathing  colors  to  the  pictures  of 
your  friends  and  the  places  you  visited  this  summer  with 

Set  of  8  colors  ($1.00)  will  tint  1,000  photos 

with  complete  directions 

Money  back  if  you  are  not  satisfied 

You  can  master  this  fascinating  occupation  in  a  few  minutes 

L.  M.  PRINCE,  108  W.  4th  St.,  Cincinnati,  Ohio 

Films  developed  and  printed — all  work  guaranteed 


Kindly  mention  The  Photo-Miniature 


We  ha\ 
complete  s>. 
sold  this  year  -  'Ul»u 
trying  to  make  up  ar> 


If  you  want  this  u> 
speak  now  and  we  will  a 
you  when  it  is  ready. 


A  Series  of  Monograpl 
giving  the  plain  1  <cts  a' 
time.  Edited  by  John  A. 
as  a  monthly  magazine  at 

The  most  comprehend 
of  photographic  info* 

151  Numbers  thus  far  pub! 

Prico  of  CompUtr  c 
/,  No.  1 ,  April ,  1899 ,  to  V 
1915,  $ 37.50  exprea*  pa 

TENNANT  f 

103  Park  Av 


Kindly  mention 


